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ABSTRACT 
Previous studies have suggested that availability of high quality habitat rather than 
habitat connectivity or species mobility was the limiting factor in the distribution of 
grassland butterflies, but were mostly undertaken on specialist species in rural areas.  
Consequently, this project tests the hypothesis that the quality of available habitat is 
more important than patch size or connectivity to the persistence of four grassland 
butterfly species in the West Midlands conurbation.   
 
Two of the study species are widespread (Polyommatus icarus and Coenonympha 
pamphilus) whilst two have a more restricted distribution (Erynnis tages and Callophrys 
rubi).  However, unlike species with very specific requirements, all are polyphagous 
and can tolerate a wide range of conditions, making habitat quality difficult to quantify.  
Several means of assessing habitat quality were developed and tested.  A detailed 
vegetation quadrat sampling method had the best predictive abilities for patch 
occupancy and summarised the habitat preferences within the urban context.  A model 
based upon habitat quality and connectivity was devised, with the ability to rank each 
patch according to potential suitability for each species. 
 
For all four species, habitat quality accounted significantly for the greatest variance in 
distribution.  Connectivity had only a small significant effect whilst patch area had 
almost none.  This suggests that conservation efforts should be centred upon preserving 
and improving habitat quality.   
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CHAPTER 1: INTRODUCTION 
CHAPTER 1:  INTRODUCTION 
1.1 CHANGES IN UK BUTTERFLY DISTRIBUTIONS 
Since recording began in the nineteenth century, the ranges and distributions1 of 
butterflies in Northern Europe have altered considerably.  The complex patterns of 
changes which have taken place in Britain and Ireland are detailed by a number of 
authors (Emmett & Heath, 1989; Shreeve, 1992; Warren, 1992; Shreeve, 1995; Asher et 
al., 2001).  The most recent account given by Asher et al., (2001) reports on the 
"Butterflies for the New Millennium" (BNM) project, the largest and most 
comprehensive assessment of UK butterflies to date, carried out between 1995 and 
1999.  In summary, of the 59 species resident some 150 years ago, 5 are now extinct 
(the large copper Lycaena dispar, the mazarine blue Cyaniris semiargus, the black-
veined white Aporia crataegi, the large blue Maculinea arion and the large tortoiseshell 
Nymphalis polychloros), and more than half have suffered considerable declines such 
that currently, only 16 species can be said to occur throughout most of Britain and 
Ireland.  Of the remainder, 14 have been entirely lost from parts of their geographic 
range and another 15 have undergone major contractions.  Although at least 15 species 
have expanded their range in recent years and a further 5 have recovered areas of their 
former range, several of these are reported to be decreasing in abundance within those 
ranges.  No new resident species have been recorded2 and as the BNM shows, the 
overriding picture is one of widespread losses (Asher et al., 2001). 
The declines in numbers and species are generally attributed to the changes in land use 
and land management which have occurred, particularly during the last 50 years 
(Thomas, 1983; Dempster, 1989; Hanski, 1998; Asher et al., 2001).  Industrialisation, 
urbanisation and the intensification of agricultural practices have resulted in massive 
and widespread losses of "semi-natural" habitats3 such as grasslands, wetlands, 
hedgerows and woodlands, all of which constitute breeding habitats for various 
butterflies.  Many areas of suitable habitat which remain are becoming increasingly 
                                                 
1 Range refers to the overall geographical occupation, and distribution to the occurrence within that range 
(Shreeve, 1995) 
2 It is thought that if temperatures continue to increase as a result of climate change, regular migrants such 
as the Red Admiral or Painted Lady will overwinter more frequently in the UK, particularly in the 
warmer south east (Asher et al., 2001) 
3 Semi-natural habitats are those consisting mostly of native plants and some natural features but 
considerably altered by human activity (Asher et al., 2001) 
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fragmented and isolated, and therefore any populations that they support, more 
vulnerable to extinction through chance events (Dempster, 1989; Warren, 1992; Feber 
& Smith, 1995; New et al., 1995; New, 1997; Wheater, 1999; Asher et al., 2001).  
Destruction and degradation of habitat is not unique to Britain.  Similar patterns of 
events have occurred throughout Northern Europe and indeed, most of the world's 
developed countries over the same timescale.  Furthermore, as shown by the BNM, 
major changes are still occurring (Thomas, 1984; New et al., 1995; Hill et al., 1996; 
New, 1997; Asher et al., 2001; Thomas et al., 2001; Bourn et al., 2002). 
1.2 THE IMPORTANCE OF URBAN HABITATS   
Urban landscapes are among the most modified and complex of all, containing a 
diversity of habitats which reflect the intensity of human influence.  Nevertheless, 
despite being dominated by buildings, roads and paved surfaces most cities and towns, 
and the areas of urbanisation surrounding them, have "greenspaces".  These are areas 
consisting either of relics of semi-natural habitats enclosed by the spread of towns, or of 
open spaces which are a direct result of human activity (e.g. waste, derelict or former 
industrial land, reservoirs, formal parks, "public open spaces", private gardens, 
allotments).  With new areas being developed or redeveloped and others being 
abandoned or destroyed, urban landscapes are in a continual state of change.  Thus, 
whilst some greenspaces are permanent, others are temporary (Dean, 1989; Harrison et 
al., 1995; Wheater, 1999; Wood & Pullin, 2000; McIntyre et al., 2001).   
Although the ecological factors operating in urban and rural areas are much the same, 
some may be more prevalent in urban habitats (Niemelä, 1999).  Construction, 
demolition and abandonment of developments or management of existing habitats mean 
that disturbance is often high.  Consequently early successional habitats and 
communities are common in urban areas, as is the occurrence of alien species (Rebele, 
1994; Niemelä, 1999; Roy et al., 1999; Wheater, 1999; Marzluff, 2002; Rebele & 
Lehmann, 2002).  It is also possible to find substrates and soils, natural or artificial, 
which have been transported from other areas.  As well as a wide diversity of habitat 
types, urban areas are also characterised by extreme environmental conditions.  Soils 
may be poor in nutrients or highly enriched, and/or contaminated with toxic substances.  
Drainage is invariably altered by human interference so that sites may be anything from 
very wet to (more commonly) very dry.  The "heat island effect" means that 
temperatures in urban areas are frequently higher than in rural areas, which favours 
2 
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some species but not others, and alters the rates of processes such as decomposition.  
These and many other complex factors influence the plant and animal species present in 
urban areas (Rebele, 1994; Niemelä, 1999; Wheater, 1999).  Wheater (1999) suggests 
that the species found at urban sites are rarely unique, though they may form specialised 
communities that are able to exploit their particular environment.  Meanwhile, Rebele 
(1994) and Niemelä (1999) go further to say that the diversity of habitats including 
those which do not occur anywhere else, can result in urban landscapes supporting a 
high diversity of species, some of which are rare and/or threatened.  This is contrary to 
the findings of Roy et al. (1999) who find no evidence that urban land cover increases 
the richness of plant species.  However, remnant semi-natural habitats within the urban 
environment may largely have escaped the effects of modern intensive agriculture or 
forestry, whilst former industrial sites, sometimes referred to as "derelict", "waste" or 
"brownfield" sites, are sometimes havens for wildlife simply because they are 
unmanaged and untreated with insecticides, herbicides and fertilisers (Dean, 1989; 
Urban Wildlife Group, 1994a, 1994b; Niemelä, 1999; Wheater, 1999; Glaisher et al., 
2000; Wood & Pullin, 2000).  Species found in these types of habitats include those 
which depend upon disturbance and, which might be rare were it not for human activity 
(Glaisher et al., 2000).  The diversity and viability of green areas may also be increased 
by corridors of greenspace adjacent to roads, railways, canals and rivers.  These link 
sites to each other and/or to the surrounding countryside and enable wildlife to move 
between them (Dean, 1989; Urban Wildlife Group, 1994a, 1994b; Harrison et al., 1995; 
Niemelä, 1999; Wheater, 1999; Glaisher et al., 2000) although there has been 
considerable debate as to the true value of corridors in this regard (Harrison et al., 1995; 
Beier & Noss, 1998; Spellerberg, 1998; Tischendorf & Fahrig, 2000a; Young & Jarvis, 
2001) and a variety of studies which come to contrasting conclusions (Wood & Pullin, 
2000; Sutcliffe et al., 2002; Small et al., 2004).  Furthermore, the effect that the 
landscape surrounding habitat patches, the “matrix”, has upon the movement of species 
between patches has also become a subject of interest and discussion (e.g. Fahrig & 
Merriam, 1994; Tischendorf & Fahrig, 2000a; Moilanen & Hanski, 2001; Ricketts, 
2001; Schneider & Fry, 2001; Tischendorf & Fahrig, 2001; e.g. Vandermeer & 
Carvajal, 2001). 
Until relatively recently urban landscapes have essentially been ignored in terms of their 
ecological value, despite the surprising diversity of wildlife they can support.  Research 
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and conservation efforts have focussed on more rural areas (Dean, 1989; Urban Wildlife 
Group, 1994b; Hardy & Dennis, 1999; Wheater, 1999; McIntyre et al., 2001) with the 
result that far less is known about the ecological processes at work in urban areas 
(Niemelä, 1999; Glaisher et al., 2000; McIntyre et al., 2001).  However, as urban areas 
and the proportion of the population living in them continues to expand and, as the 
surrounding countryside sustains further habitat losses, urban green areas are becoming 
more important, not only as wildlife habitats but also in terms of the recreational and 
educational opportunities they offer to local communities (Dean, 1989; Urban Wildlife 
Group, 1994a, 1994b; DMBC, 1995; Hardy & Dennis, 1999; Niemelä, 1999; Marzluff, 
2002).  For example, 80% of the population of England currently lives in urban areas 
and English Nature specifies targets for sizes and distances of natural greenspaces to 
which urban residents should ideally have access (Harrison et al., 1995).  Thus the 
management of urban habitats is an important issue.  An attractive environment brings 
investment to urban areas, making them more desirable places in which to live (Anon., 
2000; Glaisher et al., 2000; Todorovic & Wellington, 2000) and there is a growing 
interest from both public and planners in conserving and increasing wildlife diversity as 
a component of urban regeneration (Dean, 1989; Dennis & Eales, 1997; Handley, 
2003).  In practice, this involves preserving existing habitats and, where possible, 
restoring and recreating those already lost or degraded, and creating new habitats 
(Urban Wildlife Group, 1994a).  To these ends, most local authorities and wildlife 
organisations have produced or are in the process of producing, Biodiversity Action 
Plans and Nature Conservation Strategies for their areas, often joining forces with 
neighbouring authorities and other organisations.  Though these documents have no 
legal standing, they provide guidance for planners, landowners and managers on 
conservation issues (Urban Wildlife Group, 1994a, 1994b; Glaisher et al., 2000).  
As the last 50 years or so have shown, legally protecting certain species and preventing 
habitat losses through designation of conservation sites are not always sufficient to 
maintain and increase wildlife (Thomas, 1984; Pollard et al., 1995; Pollard & Yates, 
1995; New, 1997).  Some butterflies are reputed to have declined as quickly at 
designated Sites of Special Scientific Importance (SSSIs) as on unprotected land.  
Failures to conserve butterflies at several reserves established principally for the 
purpose during the 1950s and 60s are thought to have been due to insufficient and/or 
incorrect management resulting from a lack of knowledge of the basic ecological 
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requirements of the species in question (Thomas, 1980, 1983; Thomas, 1984; Warren, 
1992; New et al., 1995).  Such deficiencies demonstrate that in order to conserve and 
increase wildlife diversity it is necessary to understand the ecological factors in 
operation, which in turn can only be achieved through the study of plants and animals in 
relation to their environment (Pyle et al., 1981; Thomas, 1984; Warren, 1992; Morris et 
al., 1994; New et al., 1995; New, 1997; Glaisher et al., 2000; Pywell et al., 2004).  This 
is no less the case in urban areas and consequently research into urban ecology has 
expanded during the last 25 years or so, though there is much still to be learned 
(McDonnell & Pickett, 1990; Rebele, 1994; Niemelä, 1999; Marzluff, 2002).   
1.3 A BRIEF HISTORY OF BRITISH BUTTERFLY CONSERVATION 
Butterflies constitute only a small proportion of the 2500 Lepidoptera resident in the 
UK, and an even smaller proportion of the 22000 or so insects in total (Pollard & Yates, 
1995).  The inclusion of many butterfly species in Biodiversity Action Plans and Nature 
Conservation Strategies may therefore be open to question, particularly since none are 
endemic to Britain and most are more common elsewhere in Europe.  Nonetheless, in 
spite of its relative paucity of species, the butterfly fauna of Britain is the most 
extensively researched of any in the world (Thomas, 1984; Harding et al., 1995; Pollard 
& Yates, 1995; Asher et al., 2001).  Distributions are available at a 10km square 
resolution at a national scale and, in some regions at finer scales still (Cowley et al., 
2000; Asher et al., 2001), whilst autecological studies and monitoring schemes carried 
out in the UK are being used as examples for similar developments elsewhere (Pyle et 
al., 1981; New et al., 1995). 
Pollard and Yates (1995) point to the social history of the UK as being one of the main 
reasons for this wealth of knowledge.  During the eighteenth and nineteenth centuries, 
the study of natural history was a popular pastime of the wealthy (Ford (1990) gives a 
full account of the history of butterfly collecting) and most butterfly species in Britain 
were recorded during this time. The first distribution summaries were produced in 1868 
and 1945, although the information upon which they were based was often patchy and 
incomplete (Asher et al., 2001).  The more comprehensive data gathering witnessed in 
the second half of the 20th century and in particular, from the 1980s onwards, was a 
response to the realisation that more information about species' status and the rates at 
which changes in distribution were occurring was essential to conservation (Thomas, 
1984; New et al., 1995; Pollard & Yates, 1995; New, 1997).  Accounts of the Butterfly 
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Monitoring Scheme, the butterfly recording project of the Biological Record Centre in 
Cambridgeshire (Pollard & Yates, 1995), and various local mapping schemes and 
species surveys leading up to the BNM, are given by Thomas (1984), Harding et al., 
(1995), Pollard and Yates (1995) and Asher et al., (2001).  These assessments of the 
state of British butterflies showed a greater contraction of ranges and species than had 
been anticipated and in turn prompted research into the ecological requirements of many 
species in order to try and understand the reasons for the declines.  Consequently, with 
the exception of birds, butterflies are among the most well-understood of all British 
fauna in terms of their relationship with their environment (New, 1997).  Thus if any 
taxon is to enable us to learn about the ecological factors in operation, it is butterflies. 
Like birds and other insects including other Lepidoptera, butterflies are highly sensitive 
to changes in land use and land management, and to climate and pollution, reacting 
more quickly than the plants upon which they feed.  In this respect they are considered 
to be good indicators of environmental health.  Furthermore, they are more accessible 
than many insects in that they are relatively conspicuous on warm sunny days and can 
be easily recognised and observed by scientists and public alike without the need to 
collect or kill specimens.  They are also perceived by many people to be both 
aesthetically "pleasing" and harmless in a way that many other insects are not, and 
therefore intrinsically worthy of conservation (Thomas, 1984; Dempster, 1989; Erhardt 
& Thomas, 1991; Hambler & Speight, 1995; Harding et al., 1995; Thomas, 1995; 
Dennis & Eales, 1997).  
Insect conservation is a relatively new science that has largely centred on butterflies.  
The lessons learned have applications to the conservation of all invertebrates (Pyle et 
al., 1981), the principles of which New (1997) believes are more relevant to land use 
planners and conservation biologists than might at first be apparent.  Thus as well as 
being a "flagship" for other less well known insects, butterflies represent a "greater 
conservation need".  Although Hambler and Speight (1995) contest this view, claiming 
that 58 species cannot possibly indicate the requirements of over 28,500 invertebrates, 
the preservation of butterflies has gradually received increasing scientific support and 
has become an object of public and political concern.  There have even been instances 
of urban developments being rejected or relocated in order to protect scarce species 
(New et al., 1995; New, 1997). 
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1.4 RARE AND COMMON BUTTERFLIES  
Butterflies have generally been divided into two groups; those which are rare, localised 
and relatively sedentary, with specific requirements and occupying very particular 
habitats, and those which are more common and widespread, more mobile and do not 
have such specific preferences (Pollard & Eversham, 1995; Asher et al., 2001).  These 
categories have been respectively named "island" and "matrix" species by Pollard & 
Yates (1995) and more recently "habitat specialists" and "wider countryside species" by 
Asher et al., (2001).  The division between the two is not clear cut (Pollard & Yates, 
1995) and New (1997) also refers to a third category of localised rather than widespread 
species, which are nevertheless common within the restricted areas in which they occur.  
Although British butterflies are well-studied, knowledge of the various species tends to 
be inversely proportional to their rarity (Pollard & Yates, 1995).  Research and 
conservation efforts have tended to focus upon the rarer, less widespread species (Oates, 
1995; Pollard & Yates, 1995; Thomas & Abery, 1995; New, 1997; Cowley et al., 1999; 
León-Cortés et al., 1999; Cowley et al., 2000; Asher et al., 2001; Pywell et al., 2004).  
This may in part be because rare species are perceived as intrinsically more interesting 
and “worthy” of research (A.S. Pullin, pers. comm.) but also because changes in the 
status of particular species and the areas they occupy are usually assessed using grid-
square distribution maps.  Briefly, if a butterfly is present within a particular square, 
then the entire square is recorded as occupied, regardless of the number of populations 
present, or the area utilised.  Declines in rarer species with one or two populations per 
square are likely to be noticed far more quickly than those in more common and 
widespread species that may have many more populations.  Furthermore, the particular 
requirements and limited mobility of these specialised species means that they are far 
more likely to be affected by any changes in habitat (Steffan-Dewenter & Tscharntke, 
2000; Thomas, 2000).  Comparisons of distributions of butterflies in Hertfordshire 
(Thomas & Abery, 1995) and North Wales (Cowley et al., 1999) have both shown that 
the grid square system can lead to substantial overestimations of the areas occupied by a 
particular species and underestimation of the rates of decline, particularly when a 10km 
resolution is used.  Many species that appear to remain geographically widespread at 
this scale may have suffered losses at a local level as great as those of rarer species 
(Thomas & Abery, 1995; Cowley et al., 1999; Cowley et al., 2000). 
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Amongst the most severe declines are those to the common blue Polyommatus icarus, 
and the small copper Lycaena phlaeas, estimated to have sustained losses of around 
70% and 91% respectively in North Wales during the last 150 years (León-Cortés et al., 
1999, 2000).  Analysis of butterfly transect data collated by Butterfly Conservation 
(BC) and the Centre for Ecology & Hydrology (CEH) at 431 monitored sites shows the 
small heath Coenonympha pamphilus to have declined by around 60% during the last 25 
years (Fox et al., 2001; Butterfly Conservation, 2004).  Similar declines may well have 
occurred in these and other common species in other parts of the UK and indeed, 
Europe.  As suggested earlier, a number of common and widespread butterflies are 
known to have expanded their range in recent years possibly in response to the changes 
in climate which are currently taking place (e.g. Pollard & Eversham, 1995; Pollard et 
al., 1995; Pollard & Yates, 1995; Asher et al., 2001).  Nevertheless, the fact that species 
such as the speckled wood Pararge aegeria and the brown argus Aricia agestis, are 
spreading northwards and occupying a greater number of 10km grid squares does not 
mean that the number of populations is not declining within each occupied square 
(Cowley et al., 1999; Cowley et al., 2000) 
Common species are just as important to ecosystems as rarer species, and by virtue of 
the fact that they are common, are sometimes more easily recognised.  Hence, they can 
sometimes provide the links between the public and conservation are and considered by 
some authors (Urban Wildlife Group, 1994a, 1994b; DMBC, 1995; León-Cortés et al., 
1999; Glaisher et al., 2000; DMBC, undated) to be key factors in the successful 
implementation of local policies.  Butterflies in urban areas are more likely to be the 
common species whereas rarer, specialist species tend to inhabit more remote areas 
simply because suitable habitat in or near to urban developments has already been 
destroyed (Asher et al., 2001).  León-Cortés et al., (1999) and Thomas & Abery (1995) 
consider that if conservation concerns all butterflies rather than only rare species, then 
quantification of declines of all species, the rates at which they occur and the reasons, 
are crucial.  However, as described above, the more common and widespread species 
have tended to be less well studied and so reasons for the declines are often not apparent 
(Oates, 1995; Pollard & Yates, 1995), although the widespread destruction and 
deterioration of suitable habitat are clearly partly responsible (Asher et al., 2001; Fox et 
al., 2001).  Among those butterflies about which comparatively little is known are some 
of the more common grassland butterflies such as the gatekeeper Pyronia tithonus, the 
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large skipper Ochlodes venatus and the ringlet Aphantopus hyperantus.  Oates (1995) 
claims that less is known about C. pamphilus, "one of our most widespread grassland 
butterflies", than any other resident species. 
1.5 BUTTERFLIES IN URBAN AREAS 
Since it is the less well-studied common species which tend to occupy urban areas, 
which in turn have not been as well-researched as some rural areas, it is not surprising 
to find that the effects of urbanisation on butterflies have not been well-documented 
either.   Hardy and Dennis (1999) predict urban development to have an adverse effect 
upon butterfly populations if only because natural and semi-natural habitats are 
generally replaced and reduced in area, whilst remaining habitats are diminished in 
quality.  However, they also report that this projected impact upon butterflies has been 
disguised across the UK in that the effect of urbanisation has not been particularly 
obvious.  This is because the distribution maps are typically based on 10 km grid square 
records, a scale with is generally too coarse to reveal changes in species incidence 
between rural and urban areas and because in the last few decades, urban development 
has been greater in the south of the country where species’ richness is higher.  What is 
clear is that the number of butterfly species found in some urban areas is higher than 
might be expected.  For example, the diversity of butterflies in some parts of Greater 
Manchester has been found to equal and even exceed that of surrounding rural areas 
(Hardy & Dennis, 1999) and Hardy (1998) presents a more optimistic picture by 
focussing on the 27 species surviving in the area rather than those that have declined or 
disappeared.  More than 36 species were recorded in the West Midlands between 1995 
and 2003, of which 26 were found in the Metropolitan borough of Walsall (D. Haslam, 
unpublished data, 2003).  These records incorporate extremes of urban cover including 
extensive open areas either within the boundaries or at the edge of the conurbation and 
there is no distinction between recordings of vagrant adults and breeding colonies.  
Nevertheless, it is clear from local records and the species documented in the 
“Butterflies of Greater Manchester”(Hardy, 1998) and other atlases covering 
predominantly urban areas (Garland, 1981; Rimmington, 1992), that some butterflies 
seem to "deal" with the urban environment better than others.  Hardy & Dennis (1999) 
note for example, that the holly blue Celastrina argiolus is able to breed within urban 
areas, whereas fritillaries, Boloria spp. are excluded.  Using data collected for the 
Manchester atlas (Hardy & Dennis, 1999), they conclude that the incidence of most 
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butterfly species is negatively influenced by a reduction in the area and quality of 
habitats, and more specifically, by the resulting decline in host plant habitats and nectar 
sources.  Wood and Pullin (2000) suggest that the distribution of four grassland species 
in the West Midlands conurbation is limited primarily by the availability of suitable 
breeding habitat rather than by mobility of species.  Urbanisation increases both 
fragmentation of habitats and their isolation from each other and from the surrounding 
countryside, posing a threat to the survival of existing populations (Dennis & Hardy, 
1999; Niemelä, 1999; Wheater, 1999). 
An additional factor with a possibly detrimental effect upon butterfly distributions in 
urban areas is the reduction in the quality of available habitat that may result from 
development (Dennis & Eales, 1997).  Different species have different habitat 
requirements that enable them to complete their life cycle, but as explained by Dennis, 
et al., (2003), butterflies at the very least require resources for feeding (e.g. such as 
flowers for nectar or honeydew produced by aphids), mate location, egg-laying, 
roosting, resting and predator escape.  Whilst adults have varying degrees of mobility 
enabling them to reach resources not immediately within their patch, larvae do not.  
Thus larval foodplants, considered to be the main limiting factor in the distribution of 
butterflies (Thomas, 1984; Thomas, 1991; Clarke et al., 1997; Thomas et al., 2001; 
Anthes et al., 2003; Fred & Brommer, 2003) need to be growing in precisely the right 
conditions to facilitate successful development from egg, though larva to pupa (Asher et 
al., 2001).  For instance, some butterflies require sheltered conditions and/or bare or 
sparsely vegetated areas which provide higher temperatures and in some cases, drier 
conditions, needed for egg and larval development and, for adult basking (BUTT, 1986; 
Dennis, 1992; Porter et al., 1992; Shreeve, 1992; Poynton, 1993).   The height of turf is 
also critical to many butterflies.  The disappearance of M. arion and decline of both the 
adonis blue Lysandra bellargus and the silver spotted skipper Hesperia comma in the 
UK, are all thought to be chiefly due to grass becoming overgrown when grazing 
animals were excluded from sites (Thomas, 1984; Thomas et al., 1986; Thomas & 
Jones, 1993; New et al., 1995; Hill et al., 1996).   Some blues including M. arion, 
cohabit with particular species of ant (Thomas, 1980, 1983, 1984; New et al., 1995; 
Asher et al., 2001) whilst species such as the green hairstreak Callophrys rubi, require 
the presence of perching posts (Asher et al., 2001).   
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The presence or absence of these various features contribute to the suitability of a 
particular area of habitat and may be altered in some way when landuse or management 
is changed, or when habitats are unmanaged or mismanaged (New et al., 1995; Thomas 
et al., 2001).  Furthermore, the particular habitat requirements of different species are 
the reasons why many have a more restricted distribution than their foodplants 
(Thomas, 1980, 1983, 1984; New et al., 1995; Asher et al., 2001).  Many populations of 
butterflies are known to have disappeared from sites where their foodplants were still 
relatively common (Erhardt & Thomas, 1991).  This is particularly true of species with 
particularly specialised habitat requirements such as H. comma or L. bellargus.  More 
generalist species are considered to have fared better.  For instance, the main predictor 
of the location of P. icarus eggs and adults in an area of North Wales was found to be 
the quantity of its principal larval foodplant Lotus corniculatus (León-Cortés et al., 
1999).  In the same region and indeed throughout the UK, the distribution of the dingy 
skipper Erynnis tages, which also utilises L. corniculatus, is highly restricted in 
comparison (Gutiérrez et al., 1999).  Examination of distribution maps show that in the 
West Midlands both P. icarus and E. tages are absent from many places where L. 
corniculatus is abundant.  E. tages is restricted to just a handful of sites in the region.    
1.6 HABITAT QUALITY VERSUS SIZE AND ISOLATION 
As pointed out by a number of authors (e.g. Clarke et al., 1997; Thomas et al., 2001; 
Bourn et al., 2002; WallisDeVries, 2004) the traditional approach to butterfly 
conservation has been to concentrate on local processes.  The "key" requirements of 
various butterflies have been identified and recommendations made with respect to 
maintaining or recreating suitable habitat and/or improving quality at single sites.  
Although this approach has met with success in many cases, nationally other species 
have continued to decline.  Researchers recognised that in order to identify ways in 
which persistence of butterflies could be achieved in the long-term, information as to 
the larger scale changes in distribution and abundance was also required.  Subsequently, 
the 1980s & 90s saw a more landscape-oriented approach to conservation (Hanski & 
Thomas, 1994; New et al., 1995; Thomas, 1995; Thomas & Hanski, 1997; Asher et al., 
2001).   
Metapopulation theory in particular has become an important tool in assessing the 
distribution of butterflies in modern fragmented landscapes.  A metapopulation is a 
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group of local populations4 (Levins, 1969) (colonies), which are connected to each other 
by occasional migration and subject to local colonisations and extinctions (Primack, 
1993; Hanski & Thomas, 1994; Hanski, 1997; Hanski, 1998; Moilanen & Hanski, 
1998).  These local populations tend to exist in groups rather than as single isolates and 
there is generally a continuum between "ideal" metapopulations in which all patches are 
of equal importance (Levin's-type), and "mainland-island" metapopulations in which 
one or two patches are larger and more persistent than all the others.  Metapopulations 
can generally be distinguished from patchily distributed populations by the presence of 
suitable patches of habitat which are occupied as well as those which are not (Thomas, 
1995; Thomas, 1995; Hanski & Gilpin, 1997).  Extinctions can occur for a variety of 
reasons including chance variations associated with births and deaths, environmental 
events, changes in vegetation and human disturbances.  However, provided extinctions 
are balanced in the long-term by colonisations, a metapopulation may in theory, persist 
indefinitely (Hanski & Thomas, 1994; Thomas, 1995; Thomas, 1995; Hanski, 1997; 
Hanski, 1998). 
Even though traditional approaches to conservation and more landscape based methods 
such as metapopulation theory acknowledge the existence of the other (Thomas, 1991), 
the two have rarely been combined.  That is, research into the habitat requirements have 
rarely taken into account the spatial dynamics of the species in question and vice versa 
(Wiens, 1997; Gutiérrez et al., 1999).  In particular, metapopulation theory has tended 
to focus upon the size and isolation of habitat patches, for the most part ignoring the 
condition and organisation of resources within them (Hanski & Thomas, 1994; Hanski 
et al., 1995; Hanski & Gilpin, 1997; Fleishman et al., 2002).  Thus it is well-known that 
a small patch and or one which is isolated from others is far less likely to be occupied 
and able to support a population in the long term than a large patch, or one which is in 
close proximity to another (e.g. Dempster, 1989; Thomas & Harrison, 1992; Warren, 
1992; Thomas & Jones, 1993; Hanski & Thomas, 1994; Feber & Smith, 1995; Hanski et 
al., 1995; New et al., 1995; Hill et al., 1996; Wheater, 1999; Asher et al., 2001; 
Fleishman et al., 2002).  Occupancy can also be affected by the size of nearby patches.  
Hill et al., (1996) showed that extinctions of H. comma recorded over 9 years were all 
in patches less than 1ha in size whilst 75% of colonisations occurred in patches larger 
                                                 
4 a local population is defined as a group of individual in a distinct habitat patch (a colony) (Thomas, 
1995). 
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than 1ha or whose neighbouring site was larger than 1ha.  Colonised sites were also less 
isolated than those sites remaining vacant.  In a general discussion of the issues 
surrounding habitat fragmentation in relation to conservation, Harrison and Bruna 
(1999) consider that ecological theory represents habitat fragmentation (e.g. 
metapopulation theory) as a spatial problem, focussing on dispersal of individuals 
between patches, whilst empirical studies suggest that degradation of habitat within 
each fragment is the more important consideration.   
Indeed, it has been appreciated for some time that even a slight deterioration in quality 
can adversely affect the viability of a site, regardless of its size (Hill et al., 1996; Clarke 
et al., 1997; Dennis & Eales, 1997).  A patch of inferior quality may be populated only 
because of repeated immigration and may thus act as a "sink" for the populations 
occupying surrounding patches (Pulliam, 1988; Thomas, 1995; Watkinson & 
Sutherland, 1995; Harrison & Taylor, 1997; Bastin & Thomas, 1999).  However, it is 
only recently that studies have combined quality, size and isolation of sites, showing 
that for some species habitat quality may be equally if not more important to persistence 
than fragmentation and isolation.  In particular, two studies by Dennis & Eales (1997) 
and Thomas et al.., (2001) have spawned a succession of investigations into the relative 
contribution of habitat quality, size and isolation to the distribution of a number of 
butterfly species (e.g. Fleishman et al., 2002; Anthes et al., 2003; WallisDeVries, 2004).  
Information gleaned from such studies is valuable not least from the point of view of 
conservation strategies (Fleishman et al., 2002; Anthes et al., 2003; WallisDeVries, 
2004).  Advised by the two approaches described above, the tendency has been either to 
emphasise the conservation of areas of optimum habitat within a few patches or, to 
preserve a number of patches, perhaps 10-20, within a species’ range, regardless of 
quality (Thomas et al., 2001).  Ideally one would want to conserve quality, size and 
connectivity of patches, but in reality the resources available to biologists and land 
managers alike invariably mean that decisions as to the conservation priorities for a 
species must be taken.   If for example, fragmentation is so great that patches are too 
small to support populations or so isolated that they are unlikely to be (re)colonised then 
there is little point in maintaining quality unless connectivity is also improved.   
Alternatively, to increase the quality of a potentially suitable patch may also be to 
increase the size of that patch and improve the connectivity of surrounding patches.  
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The comparative studies of quality, size and isolation to date (see above) have focussed 
upon so-called “habitat specialist butterflies” in rural areas.  The effect that the relative 
contributions of quality, size and isolation have upon more “common and widespread” 
species has not been investigated and neither has the effect of these parameters upon 
species in urban areas.   
1.7 AIMS AND OBJECTIVES  
This study seeks to investigate the effect of habitat quality, size and isolation upon five 
grassland butterfly species in the West Midlands conurbation with a view to providing 
information for planners as to the most appropriate actions to take to maintain and 
enhance butterfly diversity within urban areas. 
The hypothesis to be tested is as follows:- 
Habitat quality is more important to the persistence of populations of butterflies in the 
West Midlands conurbation than either patch size or isolation. 
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1.8 THE STUDY AREA  
The West Midlands conurbation lies on, and to the West of the Birmingham Plateau.  It 
consists of the City of Birmingham and the area known as the Black Country, which 
comprises the City of Wolverhampton and the metropolitan boroughs of Dudley, 
Sandwell and Walsall (Figure 1.1).  Prior to the industrial revolution, the area was one 
of small towns and villages separated by countryside.  However, the discovery and 
exploitation of minerals, coal, ironstone, clay and limestone resulted in the growth and 
convergence of the towns and villages, and the consequent loss of much of the 
intervening land.  A good deal of what remained was scarred and polluted by mining 
and heavy industry.  Despite this, the high degree of urbanisation that occurred during 
the twentieth century and a present population of over 2 million, the region supports a 
wide range of habitats and species (Gerrard, 1996; Glaisher et al., 2000).  More than 
33% of the conurbation is still "green" and although the quality is variable, over 7.5% of 
this is sufficiently valuable in terms of nature conservation to be protected by a 
conservation designation though none of these carry with them any legal requirement 
for management (Glaisher et al., 2000).   
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Figure 1.1: The West Midlands conurbation: The cities of Birmingham and 
Wolverhampton and the Metropolitan Boroughs of Dudley, Sandwell and Walsall.  
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As in other urban areas, the green areas of the West Midlands generally consist of 
patches of open countryside encircled by development (e.g. Sutton Park, a remnant of a 
stretch of heathland which originally extended for more than 30km as far as Cannock 
Chase) but also, as described above, former industrial areas, some of which are among 
the region's more important wildlife habitats (Glaisher et al., 2000).  Not all former 
industrial sites have conservation designations and some are threatened by the 
increasing development pressures upon urban greenspaces, particularly the current 
government policy of developing brownfield sites in the interests of protecting 
Greenbelt land (Freeman, 1999; Anon., 2000; Glaisher et al., 2000; WMBC, 2001).  For 
example, both Walsall and Dudley Metropolitan Borough Councils’ Unitary 
Development Plans (UDP) (DMBC, 2000), contain pledges to reclaim and develop 
derelict and brownfield sites for housing or industry.  One site threatened by such 
policies is New Hawne Colliery in Halesowen (SO 958847), a former coal pit which 
ceased production in 1921.  The site is reputedly an important wildlife habitat and 
corridor, is a designated Site of Local Importance for Nature Conservation (SLINC) and 
has been recommended for promotion to Site of Importance for Nature Conservation 
(SINC) status.  In spite of this it has for a number of years been under threat by an 
allocation for residential development by Dudley Metropolitan Borough Council 
(DMBC, 2000; WMBC, 2001).  This recommendation has recently been withdrawn 
however, on the basis of the species present at the site, specifically Callophrys rubi 
(DMBC, 2004).  Another local example is Anchor Meadow in Walsall which supported 
an important colony of Erynnis tages and was in 2001/2002 purchased from Walsall 
MBC and developed by a housing construction company.   
Leaving aside such examples, the last 20 years have seen the same changes in attitudes 
towards conservation in the West Midlands as witnessed in other urban areas.  Wildlife 
in the region has been recognised as important and worthy of conservation in its own 
right, and included in the UDPs for the region are pledges to conserve the natural 
environment according to targets set out in the Birmingham and Black Country 
Biodiversity Action Plan (DMBC, 2000; WMBC, 2001).  There are now two National 
Nature Reserves (NNRs), 17 SSSIs, 150 SINCs and around 270 SLINCs, many of 
which are managed as Local Nature Reserves (LNRs).  A number of sites without 
designations are also managed for nature conservation (Jarvis, 1996; Glaisher et al., 
2000). 
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Very little historical wildlife data exists for Birmingham and the Black Country.  W.B. 
Teagle’s “Endless Village” (1978), was one of the first studies of the area and was 
followed by the first systematic survey of habitats in the late 1980s.  The ecological 
database for the Black Country and Birmingham, "EcoRecord" was not established until 
1991 (Glaisher et al., 2000).  In terms of butterflies however, the region has been 
comparatively well-recorded with the number of recorded 10km grid squares increasing 
from the 1800s to the present day.  During the 1995-99 BNM survey period, between 10 
and 1000 visits were made to each 10km square and as many 2km squares covered as in 
some areas of south east England (Asher et al., 2001).  Several studies (e.g. Dennis et 
al., 1999; e.g. Dennis & Thomas, 2000) have shown that the number of visits made to a 
grid square has a significant and substantial effect upon the species incidence recorded 
and therefore upon estimates of species richness.  Recorder effort tends to be biased 
away from built up areas, towards areas of semi-natural grassland and woodland, larval 
foodplants and nectar sources.  Generally more species are found in the south and east 
of the country than towards the north and west, a trend which is thought to reflect the 
weather patterns of Britain and Ireland.  However, recorder effort is greater in the south 
and east than in the north and west and therefore the number of species may be 
underestimated in some areas through lower recording.  Clearly the size of the grid 
square used will also affect species richness.  Distribution maps based on data collected 
for the BNM show that between 15 and 35 species were recorded in 10km grid squares 
in the West Midlands (Asher et al., 2001).  This, as might be expected, is midway 
between the highest of 45 in some squares in the south and east, and the lowest of 0 or 1 
in the north and west.  But richness in the region is slightly less impressive when data 
recorded in 2km grid squares are used, with the number of species ranging from 5 to 25 
with one or two squares showing 30.  Fewer than 5 habitat specialists have been 
recorded in any one 5km grid square in the conurbation, and in most squares there are 
none (Asher et al., 2001) implying that the majority of butterflies are indeed "common 
and widespread" species.  
1.9 THE STUDY SPECIES 
In terms of identifying the ecological factors influencing the persistence of butterflies in 
urban areas, any of the resident species present could be studied.  However, three 
“common and widespread” species, P. icarus, C. pamphilus and L. phlaeas and two 
“habitat specialists”, E. tages and C. rubi were chosen primarily because they occupy 
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early successional grasslands.  Characterised by the presence of herbs and fine-grasses 
which form a relatively short and sometimes sparse sward, this type of unimproved5 
grassland has a relatively limited distribution within the West Midlands conurbation.  
Therefore these species are possibly more practical to study than ubiquitous species 
such as the ringlet Aphantopus hyperanthus or the meadow brown Manijola jurtina, 
which prefer longer and coarser grasses found in more abundant areas of "rank", 
unmanaged grassland.  Also impractical to study would be species such as the small 
tortoiseshell Aglais urticae, the orange-tip Anthocharis cardmines and the red admiral 
Vanessa atalanta, for which private and inaccessible gardens and allotments are 
important habitats.  Whilst P. icarus, C. pamphilus and L. phlaeas are relatively well 
distributed throughout the region, colonies of E. tages and C. rubi are far more localised 
occupying relatively specific and discrete "islands" of habitat.   
All five study species may be found in early seral habitats i.e. areas of bare ground, with 
short forbs and grasses, and C. rubi in areas with shrubs, forbs and longer grasses 
(Dennis & Shreeve, 1997).  Hence all can be found on areas of unimproved grasslands, 
downland, coastal dunes, cliffs, woodland rides and clearings and, with the exception of 
P. icarus, areas of moorland and heathland.  They can also be found on roadside verges, 
railway embankments and canal banks, as well as on areas of waste ground and disused 
quarries, all of which are frequently associated with urban areas.  None is considered to 
be threatened.  E. tages and C. rubi both utilise one of the same foodplants as P. icarus, 
(L. corniculatus) and consequently occupy some of the same areas.   
Each of the study species is described as having a stable population throughout most of 
Europe but nonetheless is thought to have decreased in abundance within its range.  
This has largely been due to the replacement of unimproved flower-rich meadows and 
native grasses with arable crops or more productive coarser grasses such as perennial 
rye grass, and the cessation of management (Asher et al., 2001).  P. icarus and C. 
pamphilus are classed in Butterfly Conservation's West Midlands Regional Action Plan 
as a low priority species which are expanding or maintaining their ranges in some areas 
of the region and declining in others (Joy, 1997; Loram, in prep.). However, this plan 
includes the whole of the West Midlands region i.e. Staffordshire, Shropshire, Hereford, 
Worcester and Warwickshire as well as the conurbation that is the focus of this study.  
                                                 
5 Unimproved grassland refers to permanent grassland which has been largely untreated with herbicides 
and nitrogenous fertilisers (Pollard & Yates, 1995) 
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In the West Midlands conurbation, all three species are thought by local recorders to be 
in decline (e.g. D. Haslam, R. Southwell, D. White, 2000/2001).  This is difficult to 
appreciate when examining local records as the number of sightings has increased 
dramatically during the last 20 years (e.g. 1 record each of P. icarus, L. phlaeas and C. 
pamphilus in 1980 compared to 673 in 1995).  However, this is almost certainly due to 
an increase in recorder effort during this time.  During the 5 years prior to the 
publication of the Millennium Atlas (Asher et al, 2000) when recording was at its 
highest, the number of records for each of these species increased.  Nevertheless, recent 
calculations from transect data indicate that C. pamphilus has declined by around 14% 
in the region and C. rubi and E. tages by around 14% and 54% respectively (Loram, in 
prep.).  C. rubi is included in Butterfly Conservation's West Midlands Regional Action 
Plan as a "medium priority species of regional importance" whilst on the basis of these 
calculations, the priority status of E. tages will shortly be increased from “medium” to 
“high priority status of regional importance”.  Both species are included in the 
Birmingham and Black Country Biodiversity Action Plan (Glaisher et al., 2000).  
None of the above species has been well-researched, particularly C. rubi, possibly due 
to its inconspicuous behaviour.  All five species are thought to form “closed” 
populations in which the majority of individuals remain within their natal habitat patch 
with only a few moving between patches.   In terms of mobility, C. pamphilus, E. tages 
and C. rubi are considered to be relatively “sedentary” and P. icarus and L. phlaeas, 
“intermediate” (Thomas, 1984; Dennis & Shreeve, 1997; New, 1997; Cowley et al., 
2001).  All five species are also capable of surviving on small areas of land (Warren, 
1992). C. rubi and E. tages in particular, tend to form small colonies and consequently, 
are easily overlooked and possibly under-recorded (BUTT, 1986; Asher et al., 2001).  
These two species are also thought to have slightly lower dispersal abilities than either 
P. icarus, C. pamphilus or L. phlaeas (Thomas, 1984; Dennis & Shreeve, 1997; New, 
1997; Cowley et al., 2001).  Despite occupying similar habitat types, these five species 
have varying requirements within this habitat type as well as different life histories. 
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1.10 INDIVIDUAL SPECIES ACCOUNTS  
1.10.1 The common blue Polyommatus icarus  
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Figure 1.2: The distribution of P. icarus in the West Midlands conurbation in 1999 
and 2000 
Open circles represent the actual grid references contained in local records 
 
Asher et al., (2001) describe P. icarus as the most common of all the blues and one of 
our most widespread butterflies, occurring in lowland grassland areas throughout 
Britain and Ireland.  It has quite a wide range of tolerance, though it is thought to prefer 
sites with a mixture of long and short turf (1-15cm), preferably in sheltered, sunny 
positions, with some bare soil (BUTT, 1986).  As previously mentioned, P. icarus's 
main foodplant is L. corniculatus, though it also utilises other leguminous plants 
including Trifolium dubium, Medicago lupulina, Trifolium pratense, T. repens and 
Ononis spp. Adults nectar on the flowers of these plants and additionally those of Vicia 
spp., Centaurea spp. and Senecio spp., and can be found roosting on the flower heads of 
grasses and other plants.  Though little is known about its mobility P. icarus can 
colonise suitable breeding habitat within a few kilometres of an existing population 
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(BUTT, 1986; Asher et al., 2001). There are generally two generations in the West 
Midlands, which fly between May and June, and late July/early August and September. 
1.10.2 The small copper Lycaena phlaeas 
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Figure 1.3: The distribution of L. phlaeas in the West Midlands conurbation in 1999 
and 2000 
Circles represent the actual grid references contained in local records 
 
Despite being widespread throughout Britain and Ireland, L. phlaeas like P. icarus, is 
thought to be less common than it used to be.  It also has a preference for warm, dry 
situations but is not exclusively a grassland species.  Sites generally have a varied 
vegetation structure including scrub and bare ground which favours the growth of this 
butterfly's main larval foodplants, Rumex acetosa and R. acetosella, and provides 
basking sites and male territorial areas.  Adults nectar on the flowers of Eupatorium 
cannabinum, Origanum vulgare and species of Senecio, Centaurea, Cirsium and 
Carduus.  BUTT (1986) cites L. phlaeas's preferred grass height as being between 5 and 
20cm for the first brood and 1cm and 10cm for the second.  In the West Midlands the 
two broods fly in May and June and again from mid/late July to September respectively 
though L. phlaeas is particularly affected by extreme weather conditions.  Populations 
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may be lost from shadier areas in cool, wet summers (BUTT, 1986; Asher et al., 2001).  
It is notable by its omission from the Regional Action Plan (Joy, 1997).   
1.10.3 The small heath Coenonympha pamphilus 
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Figure 1.4: The distribution of C. pamphilus in the West Midlands conurbation in 
1999 and 2000 
Squares represent the actual grid references contained in local records 
 
C. pamphilus occurs on a wide range of grassy sites but is associated with fine grasses, 
namely Festuca ovina, Poa spp. and Agrostis spp.  Adults nectar on a variety of flowers 
including Origanum vulgare, Eupatorium cannabinum Thymus spp., Ranunculus spp., 
and Hieracium spp. (Asher et al., 2001). C. pamphilus prefers a sparse, open sward of 
short grasses of between 2 and 5cm, though a varied range of short and medium height 
grasses are usually found in close proximity (BUTT, 1986).  This species is thought to 
be capable of moving some distance and individuals have been found several kilometres 
from known populations.  The number of broods depends upon location, but in the West 
Midlands any distinctions between broods are unclear and adults seem to be on the wing 
from mid-May until late August/early September (D. Haslam, pers comm, 2001).  
Though C. pamphilus has been affected by agricultural improvements and changes in 
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management in the same way as many other butterflies, it has also been lost from 
habitats which appear to be unchanged.  The reasons for this are unclear, though 
changing weather patterns may be involved (Asher et al., 2001). 
1.10.4 The dingy skipper Erynnis tages 
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Figure 1.5: The distribution of E. tages  in the West Midlands conurbation in 1999 
and 2000 
Triangles represent the actual grid references contained in local records 
 
E. tages is the most widespread of all skippers, though it is more localised and patchily 
distributed and occurs in small, discrete colonies. It is scarce in the West Midlands, 
surviving at only a few, mainly post-industrial sites which are vulnerable to 
development pressure as discussed earlier.  One small but important colony in Walsall 
was recently lost to development despite its preservation being written into the planning 
agreement (D. Haslam; D. Jackson; R Southwell, pers comm, 2001).  E. tages is 
relatively sedentary and so unlikely to colonise new areas of habitat unless they are 
close to existing populations (Asher et al., 2001).  It prefers rough ground with bare 
areas and relatively low vegetation growth (Gutiérrez et al., 1999).  Its main larval 
foodplant is L. corniculatus and adults also visit Hippocrepis comosa, Ranunculus spp 
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and Hieracium spp.  Although the skipper has two broods in some areas, in the West 
Midlands there is only one, with a flight season in May and June (BUTT, 1986). 
1.10.5 The green hairstreak Callophrys rubi 
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Figure 1.6: The distribution of C. rubi in the West Midlands conurbation in 1999 
and 2000 
Circles represent the actual grid references contained in local records 
 
There is much to be learned about the life cycle, colony structure, mobility, and habitat 
requirements of C. rubi.  It occurs in grassland areas, but is strongly associated with 
scrub and shrubs, which are generally present at breeding sites and provide perching 
posts for adults as well as shelter and additional food for larvae.  This hairstreak is 
known to utilise a variety of foodplants including L. corniculatus, Ulex europaeus, 
Cytisus scoparius and Genista tinctoria, though the importance of each is uncertain.  
Like some lycaenidae, it may have a relationship with ants, though this is also poorly 
understood (BUTT, 1986; Asher et al., 2001).  It has one generation per year which, in 
the West Midlands, is in flight between late April and June depending upon weather 
conditions.  C. rubi is the only species of the five in this study to overwinter in its pupal, 
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rather than larval stage (Pollard & Yates, 1995).  Historically, its best-known site is 
Sutton Park.   Away from heathland, most other sites are former industrial sites 
(Glaisher et al., 2000) such as Hawne Colliery in Halesowen and Saltwells Nature 
Reserve in Dudley. 
1.11 SCOPE OF THESIS  
The remainder of this thesis consists of six chapters.  Following the context for the 
project set in this first chapter, Chapter 2 sets out the original brief for the project and 
the hypothesis for the thesis which is that habitat quality is more important to the 
persistence of populations of butterflies in the West Midlands conurbation than either 
patch size or isolation.  The majority of the chapter is devoted to describing the 
problems that were encountered, the decisions that were taken and the strategy that was 
developed in order to test this hypothesis.  In particular, I account for how I came to 
pursue a predominantly fieldwork-based approach to this project. 
At the start of this project, it was very unclear to me what factors were important in 
determining habitat quality, particularly since the species in question have such diverse 
requirements.  Chapter 3 describes how I sought to determine the habitat preferences of 
each species in the West Midlands conurbation from first principles using observation, 
fieldwork and analysis of my recorded data.  These observations revealed and 
confirmed the large number of factors that combine to influence habitat quality.  The 
problem was to be able to assess a patch of grassland and assign a single number to that 
patch which reflected its habitat quality.  
Chapter 4 uses the finding of Chapter 3 and records the methods used to construct 
quantitative habitat quality indices for butterfly species with relatively diverse, non-
specific and at times, elusive requirements. 
Chapter 5 describes how the area and isolation of patches were calculated using a 
combination of my own data and existing local records.  The influence of these 
parameters upon the distribution of the study species is also examined. 
In Chapter 6 all measures of habitat quality, patch size and isolation are combined to 
test the hypothesis posed at the beginning of this thesis.  The chapter concludes with a 
model that compares the relative influence of habitat quality and isolation on patch 
occupancy. 
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Chapter 7 presents an evaluation of the success of the project in testing the hypothesis, 
with suggestions for future research and recommendations for planners as to the best 
actions to take to maintain and enhance butterfly diversity within their urban areas. 
 
(Harrison & Bruna, 1999); (Teagle, 1978)348}329 
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CHAPTER 2:  DEVELOPMENT OF SAMPLING STRATEGIES 
2.1 THE PROBLEM TO BE SOLVED 
This project was funded by the National Environment Research Council’s URGENT 
Thematic Programme which had demonstrated that many aspects of urban ecology were 
neglected and poorly understood and that there were many interesting and fundamental 
questions to be asked.  The following paragraph was the starting point for the project:-  
Factors governing the persistence of butterflies in urban areas 
In terms of conservation value and potential, urban areas have been 
relatively ignored until recently. There is now a growing interest from 
both the public and planners in urban biodiversity enhancement as a 
component of urban regeneration. This project uses butterflies as model 
species to investigate the factors that enable organisms to persist within 
the urban mosaic. A range of species will be used for their different 
mobilities and habitat requirements. Research will concentrate on 
habitat area and connectivity and will use computer-based Geographic 
Information Systems to collate data and make predictions on butterfly 
distributions. The objective will be to inform planners on the best 
actions to take to maintain and enhance butterfly diversity within their 
urban areas. 
Previous work by Wood and Pullin (2000) suggested that the distribution of four 
grassland butterfly species in the West Midland conurbation was limited by habitat 
availability rather than the dispersal abilities of those species.  The next logical step as 
undertaken in this thesis was to examine the quality of that available habitat, 
particularly in the light of recent research (e.g Dennis & Eales, 1997; Dennis & Eales, 
1999; Thomas et al., 2001;  and later, Fleishman et al., 2002; Anthes et al., 2003; 
WallisDeVries, 2004) which had compared the relative influence of habitat quality, size 
and isolation upon the distribution of some specialist species, in rural areas.  As 
documented in the previous chapter, all found the quality of habitat patches to be a more 
important factor in determining occupancy than either area or isolation.  A similar 
conclusion was drawn by Small et al. (2004), with respect to carabid beetle species in 
the West Midlands conurbation. 
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In the light of this research, it seemed that the project description required updating as it 
did not include what might emerge as the most important factor i.e. habitat quality.  So 
it was realised that the project itself would be more informative if it focussed upon  
The importance of habitat quality, in relation to patch size and isolation 
in determining the persistence of butterflies in urban areas.  
As stated in Chapter 1, the hypothesis to be tested was formulated as:-   
Habitat quality is more important to the persistence of populations of 
butterflies in the West Midlands conurbation than either patch size or 
isolation. 
More specifically the question arose of how to assess the relative contributions of 
habitat quality, patch size and isolation.  In order to make a comparison between these 
three parameters, some means of measuring each was required and the strategies used 
are discussed in detail, in subsequent chapters.  However, in the course of developing 
those strategies a number of issues had to be addressed and decisions taken, particularly 
with respect to measuring and assessing habitat quality.  “What is habitat quality?” was 
apparently an open-ended question to which there were as many answers in the 
literature as there were studies. (Indeed, one can go a stage further and ask “what is 
habitat”, a question beyond the scope of this thesis but discussed by Dennis et al. 
(2003)). On the other hand, measuring and assessing patch size and isolation seems 
relatively straightforward in comparison.  Thus, this chapter deals largely with the 
issues relating to habitat quality and the processes involved in reaching the final 
strategies outlined in Chapters 3 and 4.   
2.2 MEASURING HABITAT QUALITY  
Quality in terms of whether a patch of habitat is suitable for a particular butterfly 
species is often measured by the presence, abundance and/or growth stages of that 
species’ larval food plant.  For example, Dennis and Eales (1997) assessed the quality 
of patches occupied by the large heath Coenonympha tullia according to the presence of 
a number of features including its sole larval food plant Eriophorum vaginatum.  
Harrison et al. (1988) measured habitat quality for the bay checkerspot Euphydryas 
editha bayensis using a combination of densities of this butterfly’s larval food plants 
Plantago erecta and Orthocarpus spp, its main nectar source Lasthenia chrysostoma, 
the area and slope of the patch in question and its distance from the source population.  
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Thomas et al. (2001), defined habitat quality for the Glanville fritillary Melitaea cinxia, 
the adonis blue Polyommatus bellargus and the Lulworth skipper Thymelicus acteon 
according to the preferences of egg-laying females or the distribution of larvae.  More 
specifically, the growth stage of Plantago lanceolata for M. cinxia, the growing 
conditions of Hippocrepis comosa and Brachypodium pinnatum for P. bellargus and T. 
acteon respectively, were used as indicators of good/poor habitat quality.  Ellis (2002) 
found that the greatest influence upon oviposition by the northern brown argus Aricia 
artaxerxes in the north east of England was the condition of its larval food plant, 
Helianthemum nummularium.  In the USA, Fleishman et al. (2002) used the presence of 
the larval and nectar sources of the butterfly Speyeria nokomis apacheana along with 
various environmental variables such as the abundance of larval food plants, the 
presence of bare ground and litter, and vegetation height as indicators of habitat quality.   
In Finland, Fred et al. (2003) used the amount of the larval hostplant Deum telephium and 
the area of patches to assess habitat quality for the apollo butterfly Parnassius appollo. 
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Figure 2.1: The distribution of P. icarus and its main larval food plant,  
L. corniculatus in the West Midlands conurbation from 1980 to 2001  
Black squares and grey circles indicate 1km records for P. icarus and L. corniculatus respectively. 
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These and other studies suggest a number of ways that habitat quality might be 
measured and assessed for the West Midlands study species.  However, all the subjects 
of the studies listed above are specialist species, with very specific requirements.  
Measuring habitat quality for more common species is generally more difficult simply 
because they do not have such particular preferences.  All the species in this West 
Midlands study can tolerate a wide range of conditions and are able to utilise more than 
one larval food plant.  In addition, the distribution of each of the study species did not 
necessarily match that of its main larval foodplant, suggesting that other factors were 
also in operation.  For example, Figure 2.1 shows that the distribution of P. icarus is far 
more restricted than that of its main larval foodplant, L. corniculatus. Though C. 
pamphilus and its main larval foodplant Festuca ovina are apparently less well 
distributed through the region than either P. icarus or L. corniculatus their locations still 
do not match.  F. ovina is found where C. pamphilus is not and vice versa (Figure 2.2).  
Assessing habitat quality using the presence, abundance or condition of larval food 
plant(s) alone therefore, did not seem to be a viable option. 
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Figure 2.2: The distribution of C. pamphilus and its main larval food plant, Festuca 
ovina in the West Midlands conurbation from 1980 to 2001  
Black squares and grey circles indicate 1km records for C. pamphilus and F. ovina respectively. 
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Summerville and Crist (2004) suggest that for forest insect communities, habitat quality 
may be estimated by the composition or diversity of plants occurring within a given 
patch.  Accordingly, the number of tree species in 21 forest sites was used as a measure 
of habitat quality for forest moth species in Ohio, USA.  Steffan-Dewenter and 
Tscharntke (2000) apply this principle to grassland sites in Germany in a survey of 54 
butterfly species including some which are common and widespread.  The number of 
plant species, per cent cover of vegetation and flowering plant species (i.e. potential 
adult nectar sources) were used as a measure of habitat quality.  Pywell et al. (2004) use 
similar measures for assessing the quality of habitat for butterflies in intensively 
managed farmland. 
Any consideration that the presence or density of nectar sources might be used to assess 
quality for the species in this West Midlands study was discarded during preliminary 
visits to a number of sites in July and August 2000, when P. icarus and C. pamphilus 
were found breeding at several sites with very few potential nectar sources1.  Besides 
which, several authors (Thomas, 1991; Clarke et al., 1997; Gutiérrez et al., 1999; 
Thomas et al., 2001) propose that adult resources are seldom limiting to species’ 
distributions.  Using a combination of larval food plants and nectar sources to define 
quality was also considered, but the difficulty was narrowing the plant species used 
down to a few that would be meaningful.  Both P. icarus and C. pamphilus were found 
in a variety of habitats ranging from those with a relatively short, sparse sward with 
plenty of bare ground to those where the grasses were much longer and denser.  Larval 
food plants and nectar sources ranged from relatively few to abundant.  
Consequently it seemed that habitat quality for the study species in the West Midlands 
would have to be defined from first principles.  At the time, there were two possible 
avenues to be explored.  First was a field-based approach in which the butterflies would 
be studied in situ in the West Midlands in order to ascertain what constituted good and 
poor quality.  Secondly a computerised land cover map could be used in Geographic 
Information Systems (GIS) to predict the presence or absence of the study species.  A 
third possibility was to combine the two approaches.  Consequently, the next step 
seemed to be to compare these approaches to determine which was the most appropriate 
to the project.   
 
 
 _____________________________________
1 E. tages and C. rubi were not included in the preliminary assessments as their flight periods had already
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A number of questions had arisen prior to the start of the project including:  
• What is habitat quality? 
• How can it be measured? 
• What scale of measurement should be used?  That is, how many patches need to 
be measured? What is a viable sample size? Should many patches be measured 
in superficial detail, or a small number of patches in greater detail? 
• What criteria determine whether quality is high or low? 
• Can quality be measured using computer data e.g. land cover map (GIS), grid 
squares, local records etc?  
Thus, practical decisions as to how to proceed also became a major part of the project.   
 
2.3 A GIS APPROACH 
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Figure 2.3: Land Cover Map of Great Britain: West Midlands Conurbation 
Each land cover type is aggregated to 25m squares.  The key shows that 11 main land cover types are 
applicable to the West Midlands.  “Remaining classifications” (white) consists of the land cover types 
present in percentages too small to be meaningfully included in the figure. 
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Part of the Land Cover Map of Great Britain (LCM1990) covering the West Midlands 
was provided by the Centre for Ecology and Hydrology for use in Arcview GIS 3.2 
(ESRI, 1996).  Dating from 1990, this consists of a digital dataset which offers a 
classification of land cover types into 25 classes (sea and inland water, beaches and bare 
ground, developed and arable land, and 18 types of semi-natural vegetation) at 25m 
resolution taken from satellite data (Fuller et al., 1994).  Local records of butterfly 
distributions in the West Midlands were obtained from Ecorecord2 and Butterfly 
Conservation (BC) for use in combination with LCM1990. 
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Figure 2.4: A breakdown of land cover types within the West Midlands conurbation
Land cover types are shown on the y axis and the percentage cover on the x axis 
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Initially, work was carried out in Arcview to analyse LCM1990 and the local records.  
Several problems quickly became apparent.  Firstly, it was clear that LCM1990 did not 
contain the information required to draw anything other than the crudest of conclusions 
regarding both the location of the study species and/or potentially suitable habitat, and 
habitat quality.  As Figure 2.3 and Figure 2.4 show, only 11 main land cover types are 
applicable to the West Midlands, ranging from bare ground to urban/industrial 
_______________________________________
2 Ecorecord is the ecological database for Birmingham and the Black Country. 
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At first, it seemed as if this would be an advantage as in comparison, areas of bare 
ground, unimproved grassland, lowland grassland and heath, all of which could 
conceivably encompass areas suitable for the study species, were comparatively few and 
would therefore be relatively easy to identify.  However, when added to the land cover 
map many of the BC records appeared within the areas of tilled ground, suburban and 
urban development, amenity grassland and deciduous woodland as well as areas of 
unimproved grassland (Figure 2.5).  Retrospectively, this is not surprising given that the 
majority of the habitat patches eventually included in the study were situated either 
within residential and/or industrial areas, or within or near areas of amenity grassland or 
woodland.  In the early stages of the study however, this finding was extremely 
unhelpful as it meant that no particular land cover type(s) in which the butterflies were 
found (or, conversely, not found) could be identified.  Abandoned industrial sites with 
areas of bare ground and a short sward were not distinct from industrial estates and 
buildings, or residential areas. Figure 2.6 shows the proportion of each land cover type 
in which BC records for P. icarus and E. tages respectively were located.  As with the 
region as a whole, urban and suburban development, arable and tilled ground and 
amenity grassland dominate. 
Figure 2.7 shows the relative likelihood of finding a patch occupied by P. icarus and E. 
tages when the BC records are used in conjunction with LCM1990.  The figure 
represents a crude habitat suitability model in which it is assumed that plotting the 
records onto LCM1990 will enable patches occupied by the species in question to be 
located on the ground.  In order to make predictions, it is necessary to establish the land 
cover types within which the records fall.  However, one problem is that LCM 1990 has 
a resolution of 25m whilst the BC records are given to only 1km.  Therefore each BC 
record is attributed not to one particular 25m x 25m square, but to the 1600 25m x 25m 
squares within its 1km square.  Thus, the proportion of each land cover type within each 
square must be calculated.  A further assumption is that the land cover types which have 
the highest frequency within the 1km grid squares defined by the BC records are most 
likely to contain the species in question.  That is, the frequency of a particular land 
cover type is equal to the relative likelihood of finding that species.  For example, 
Figure 2.6 shows that in 1km squares occupied by P. icarus, suburban/rural 
development has an average frequency of 35%.  Therefore there is on average, a 35% 
chance of locating P. icarus in any 25m square of suburban/rural development in the 
West Midlands conurbation compared to any of the other land cover types.  Thus, each 
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25m square in Figure 2.7 is coded according to these percentage land cover frequencies.  
White areas denote the greatest likelihood of finding each species, black areas the 
lowest.  What is immediately apparent is that the maps are very similar for both species 
and contain a high percentage of white areas.  However, as shown in Figures 1.3 and 
1.5, the actual distributions of the two butterflies in the West Midlands are very 
different from one another, and bear little relation to the land cover map.  A similar 
picture emerges for the other species in the study and so using this method to predict 
their location would have been somewhat unsatisfactory. 
Finally, the dominance of suburban and urban development land cover types and the 
lack of differentiation between grassland habitat types meant that any definition of 
habitat quality based on LCM 1990 would be rather rudimentary and relatively 
meaningless. 
The net result of these various difficulties was that any information from LCM1990 and 
the local records could only be gleaned in a very ad hoc manner and in fact was less 
satisfactory in terms of the detail it provided, than that which could be gained by 
casually looking at an OS map or A-Z of the region. 
During the summer of 2000, prior to the start of the project, a series of preliminary 
visits had been made to a number of patches occupied and unoccupied by P. icarus and 
C. pamphilus.  Considerable progress had been made during these visits with regard to 
being able to distinguish potentially suitable habitat from less suitable habitat.  Thus, it 
seemed that it might be possible to begin to quantify these differences by sampling 
occupied and unoccupied patches and, that this might be more productive than the GIS 
approach.  Therefore I decided to pursue further this line of investigation. 
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b.   E. tages 
Figure 2.6:  Land cover types within 1 km squares around Butterfly Conservation 
records in the West Midlands 
Butterfly conservation records are quoted to 1km resolution. A 1km grid square was centred on each record. 
The bar chart shows the average proportion of each land cover type within the 1km grid squares 
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b. E. tages  
Figure 2.7: The relative likelihood of finding a. P. icarus and b. E. tages in 25m x 25m 
squares of different land cover types.  
Each species is predicted to be found in the land cover types that are most highly represented in the 1km grid 
squares centred on Butterfly Conservation records for these species.  The relative likelihood of a 25m x 25m 
square that a certain land cover type will be occupied is equal to the average percentage of that land cover type 
within the BC 1km grid squares.  E.g. if on average urban development covers 30% of a 1km grid square 
centred on a BC record for P. icarus, then 30% of the likelihood of finding that particular butterfly in that 1km 
square, is attributed to urban development. 
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2.4 FIELDWORK 
2.4.1 Locating patches  
Using LCM1990 to locate patches of potentially suitable habitat seemed to be a fairly 
inefficient process.  The next most obvious means of locating patches would have been 
to use the presence of each of the target species’ larval foodplants and/or nectar species.  
However, even though this method has been successfully used for other species (e.g. 
Dennis & Eales, 1997; Thomas et al., 2001) it was quickly discounted in this study 
because, as previously mentioned, not only are the targets of this study capable of using 
a variety of food plants, but their distribution is far more restricted than that of those 
plants.  Therefore the local records from Ecorecord and BC were used in conjunction 
with OS maps and an A-Z of the region to locate areas of suitable grassland.  Site 
managers and conservation officers were also contacted, some of whom were able to 
direct my attention to patches known to support one or more of the study species.  Thus, 
at the start of the 2001 field season a number of sites had been identified as being 
suitable to assess and sample, some of which were known to be occupied by the 
butterflies in question and others which were thought to be potentially suitable.  Maps 
and observations were then used to locate additional sites, some near to those already 
visited and others in different parts of the West Midlands conurbation.   As well as areas 
marked as greenspaces, areas which were not built up (marked in white) were noted, 
particularly those in industrial areas since this was where abandoned and derelict sites 
typical of those inhabited by the grassland species in question, were found.   
2.4.2 To sample or not to sample? 
In order to discern the key factors influencing the distribution of each species, it was 
important to sample a full range of patches, from highly suitable and occupied patches, 
to unsuitable and unoccupied patches.  However, there seemed little value to be gained 
by sampling patches of obviously unsuitable habitat in which the target species were 
highly unlikely to be found, such as woodland, dense scrub, and either coarse, dense 
rank grassland or regularly mown amenity grassland.  These types of habitat were not 
always discernible using the OS maps and the problems associated with using GIS have 
already been explained.  Furthermore, the imprecision of some of the local butterfly 
records made it difficult to pinpoint the exact location of the butterflies and large areas 
of some of the sites visited were clearly unsuitable for the short grassland species in this 
study.  An area is defined as a “habitat patch” according to the ecological requirements 
48 
CHAPTER 2: DEVELOPMENT OF STRATEGIES 
of the species in question (Moilanen & Hanski, 1998) and so, based on information 
from the literature and the observations made in 2000, I devised a broad set of criteria 
which I used “on the ground” to select habitat patches within each site that were suitable 
for sampling and to eliminate those which were not (Figure 2.8).  Throughout the 2001 
to 2003 field seasons, more intensive searches were limited to areas matching those 
criteria i.e. areas of short to medium grassland, and/or areas of woodland, scrub or rank 
grassland containing such areas.  I aimed to include grassland patches that were 
occupied and unoccupied by each of the target species. 
73 sites were visited during the 3-year study period.  From 49 of these, a total of 102 
potentially suitable habitat patches were identified and sampled3.  The type of sites in the 
study included one or two relics of semi-natural habitat encapsulated by development 
(e.g. Sutton Park), areas of open space, waste ground or derelict sites. Whilst many of 
these had some form of conservation designation (e.g. Site of Special Scientific Interest 
(SSSI), National Nature Reserve (NNR), Local Nature Reserve (LNR), Site of Interest for 
Nature Conservation (SINC), Site of Biological Interest (SBI), Site of Local Interest for 
Nature Conservation (SLINC), others did not.  The distribution of sampled sites is shown 
in  and their names, designations and uses in Table 2.1. Although potentially 
suitable habitat for the target butterfly species can frequently be found on railway 
embankments, road verges and canal banks, for reasons of access, health and safety, these 
were not included in the study.  
Figure 2.9
 
 
 
 
 
 
 
 
  
______________________________________
3 As mentioned previously, some sites consisted of a variety of habitats and included more than one patch 
potentially suitable for the study species. 49 
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Figure 2.8: Initial site key used to determine suitability of sites for sampling. 
Solid borders represent habitat types potentially suitable for the study species; dashed borders indicate habitat types which were not suitable and therefore omitted from 
sampling. 
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Figure 2.9: Location of the study sites in the West Midlands conurbation
See Table 2.1 for key 
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Table 2.1: List of sites sampled, designations and land uses 
NNR – National Nature Reserve; LNR - Local Nature Reserve; SAC - Special Area of Conservation;  
SBI – Site of Biological Interest; SINC - Site of Importance for Nature Conservation;  
SLINC - Sites of Local Importance for Nature Conservation; SSSI - Site of Special Scientific 
 
No Site Name and Location National 
Grid Ref.
Designation Land Use 
1 Anchor Meadow, Walsall SK053006 None Under development 
2 Ashtree Road, Sandwell SO978898 None Derelict 
3 Baggeridge Country Park, Staffordshire SO901927 SBI Public amenity 
4 Barr Beacon, Walsall SP061972 Proposed SINC/SLINC Public amenity 
5 Barrow Hill, Dudley SO915897 SINC Public amenity 
6 Bentley Lane, Walsall SO991977 SLINC Public amenity 
7 Black Country Museum, Dudley SO949916 None Derelict (proposed devt)
8 Brownhills Common, Walsall SK035061 SINC Public amenity 
9 Bury Hill Park, Sandwell SO977893 SINC/SLINC Derelict/public amenity
10 Chelmar Drive, Dudley SO903888 None Derelict 
11 Chinnbrook Recreation Ground, Birmingham SP096803 None Public amenity 
12 Clayhanger SSSI, Walsall SK035045 SSSI Public amenity 
13 Coneygree Industrial Estate, Sandwell SO951913 None Derelict 
14 Coombeswood, Halesowen SO974850 SINC/SLINC Park/public amenity 
15 Corngreaves Golf Course, Halesowen SO956848 Proposed  LNR/SINC/SLINC Public amenity 
16 Dandy Bank, Dudley SO904898 Industrial Estate Derelict 
17 Darby’s Hill Quarry, Sandwell SO968898 Proposed  SLINC Public amenity 
18 Darby's Hill, Sandwell SO965893 SLINC Public amenity 
19 Dingles Recreation Ground, Birmingham SP097807 SLINC Public amenity 
20 Dudley Golf Course, Dudley SO962888 Proposed SLINC Public amenity 
21 Fens Pools, Dudley SO913882 SAC/SSSI/LNR Public amenity 
22 Fibbersley Bank, Walsall SO954995 SINC Public amenity 
23 Fibbersley, Walsall SO954995 LNR/SINC Public amenity 
24 Grace Mary, Sandwell SO971894 None Public amenity 
25 Hawne Colliery, Halesowen SO956847 SINC Derelict 
26 Hay Head, Walsall SP044990 LNR/SINC Public amenity 
27 James Bridge Gasworks, Walsall SO992971 SLINC Derelict (under devt) 
28 Merecroft Pool, Birmingham SP044790 LNR/SINC Public amenity 
29 Morrisons supermarket, Bilston SO949959 None Derelict 
30 Narrowboat Way, Blackbrook Ind Est, Dudley SO930880 None Derelict 
31 Navigation Drive, Blackbrook Ind Est, Dudley SO932881 None Derelict 
32 O'Grady's Pool, Clayhanger, Walsall SK044045 SLINC Public amenity 
33 Park Lime Pits, Walsall SP030999 LNR/SLINC Private land 
34 Pelsall North Common, Walsall SK016045 LNR/SINC Public amenity 
35 Priory Fields, Solihull SP098790 SINC Public amenity 
36 Saltwells Nature Reserve, Dudley SO932871 LNR/SSSI Public amenity 
37 Sandwell Valley Forge Mill, Sandwell SP030927 LNR Public amenity 
38 Sebden Steel QuarryBank, Dudley SO924851 None Derelict/public amenity
39 Sheepwash Urban Park, Sandwell SO975917 Proposed LNR Park/public amenity 
40 Sheldon Country Park, Solihull SP160851 SLINC Public amenity 
41 Shire Oak Park, Walsall SK060037 LNR/SINC Public amenity 
42 Sutton Park, Birmingham SP098974 NNR/SSSI/SLINC Park/public amenity 
43 Tansey Green Road, Dudley SO907899 Private land Derelict 
44 Temple Way, Sandwell SO978908 SLINC Public amenity 
45 The Leys Recreation Ground, Dudley SO904876 LNR Public amenity 
46 Winterley Lane, Walsall SK034008 SLINC Derelict 
47 Wood Farm, Walsall SJ984017 SINC Derelict 
48 Woodgate Valley Country Park, Birmingham SP005835 SINC/SLINC Park/public amenity 
49 Wrens Nest, Dudley SO937920 NNR/SSSI/LNR/ SLINC Park/public amenity 
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2.4.3 Sample scales  
The next question that arose prior to the field season was the scale at which to sample. 
The main purpose of this first field season was to determine the habitat requirements of 
the study species.  Ideally, a detailed study would have been the most suited to 
gathering in-depth information concerning the resources utilised by each species.  This 
would have entailed observation of as many aspects of the butterflies’ behaviour as 
possible and which plant species were used and so on.  Sampling would perhaps have 
taken the form of quadrats systematically covering as much of the patch as possible.  
The first year could easily have been spent studying one species in detail at one or two 
sites and then using that information, to devise a means of assessing habitat quality at 
additional sites in subsequent years.  For example, Thomas and Bourn (2001) took 246 
random 1 × 1m quadrats from 6 sites occupied by M. cinxia, classifying 5 growth stages 
of its foodplant, Plantago lanceolata according to leaf size and recording the density of 
larval nests on those leaves over several years.  As part of the same study, the number of 
P. bellargus eggs found on Hippocrepis comosa plants were examined in 1560 random 
0.25 × 0.25m quadrats taken from 1 site over 4 years.  Turf height and shelter category 
of every plant was also measured.  Habitat quality parameters derived from information 
gathered at these sites were then applied to a larger survey of potentially suitable sites 
for these species in southern England.  
A similar approach could have been taken in the West Midlands.  However, in their 
initial detailed survey, Thomas et al. (2001) use information as to the preferences of M. 
cinxia and P. bellargus already established in previous studies.  Determining habitat 
preferences for P. icarus, C. pamphilus, E. tages  and C. rubi in the West Midlands was 
only a small part of the project; a prerequisite to measuring habitat quality.  Quality was 
then to be compared with size and isolation of patches, which would require 
information from many more sites.  The West Midlands conurbation covers a large 
geographical area and encompasses various topographies, soil types and land uses, and 
so on.  Selecting one or two sites to study would have been an arbitrary process with 
little guarantee that those chosen would be “good sites” for the species in question or be 
typical of other sites in the region.  That is, given their relatively broad requirements, 
the target species might utilise different resources at different patches.  Also, whilst 
studying one species in this intensive and detailed way might have been possible for one 
person working alone, studying five species would have been impossible.  Therefore it 
seemed more appropriate to find a method of sampling as many patches as possible 
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from the beginning of the study in order to gain a geographically more representative 
sample of the region.   
2.4.4 Sampling strategy  
The sampling methods used to gather information as to the habitat preferences of each 
species are set out in Chapter 3 which deals specifically with that aspect of the project.  
However, there were a number of avenues explored and decisions taken before these 
methods were arrived at, particularly in relation to the first approach which involved 
taking detailed samples of the vegetation at each patch.  Quadrats (1m × 1m) were 
placed on the ground and the plants within each identified and recorded.  On the basis of 
a previous study determining the habitat requirements of the grayling butterfly 
Hipparchia semele (Loram et al., 2003), at patches where the target species were 
located, quadrats were initially placed in accordance with butterfly activity i.e. perching, 
basking, nectaring or egg-laying.  Quadrats at apparently unoccupied patches were 
placed randomly using random numbers tables to generate a particular number of paces 
walked in a certain direction.  However, this proved to be extremely time-consuming 
and seriously limited the number of patches that one person could sample in the time 
available.  Many hours were spent watching and tracking the butterflies rather than 
sampling the habitat.  Furthermore, as revealed when GPS data logging the location of 
each quadrat were plotted onto maps, this method did not necessarily produce a 
representative sample of each patch.  The majority of butterflies and consequently the 
quadrats, tended to cluster in small areas whilst other apparently suitable areas remained 
unsampled.  The absence of individuals in these apparently suitable areas of patches was 
no guarantee that these areas were not utilised in some way.   
In the second field season in order to speed up the sampling process, all quadrats were 
placed randomly within patches using numbers tables.  Although the problem of 
clustering was substantially reduced, the sample still was not representative of the entire 
patch.  Thus, in the final field season (2003), each patch or, where appropriate, each 
relatively homogeneous zone of vegetation within each patch, was walked in a zig-zag 
pattern and quadrats placed at regular predetermined intervals such that the entire area 
was covered.  Coincidentally, this method was not dissimilar to that used by English 
Nature to assess grassland (Robertson & Jefferson, 2000) except that in this West 
Midlands study, the species recorded, were not restricted to National Vegetation 
Classification indicator species.  Patches that had been inadequately sampled during the 
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previous two years were resampled in this way.  Quadrats were then classified 
according to whether the patch from which they were taken was occupied or seemingly 
unoccupied by the target species.  A minimum of between 5 and 10 quadrat samples 
were taken depending upon the size of the patch.  Where patches were sufficiently large 
that they could be further divided into zones, 5 to 10 samples were taken from each 
zone using the same method. 
Further time-saving changes were made to the information that was recorded from 
within each quadrat during the course of the study.  In the 2001 field season, the 
percentage cover of each plant species and bare ground within each quadrat was 
estimated.  However, this level of detailed recording was also extremely labour 
intensive and, as data analysis later suggested, unnecessary.  Almost identical results 
were achieved when data were entered into the analysis in binary form as when the 
percentage cover of each plant species within each quadrat was entered. Thus, in the 
succeeding years, only the percentage cover of bare ground and larval food plants 
within each quadrat were estimated.  The remaining plants were simply recorded as 
present.  During the 2001 field season, the slope and aspect of each patch, and, where 
appropriate, the location of each quadrat were also recorded.  However, data analysis 
revealed no significant correlations between either of these two parameters and the 
distribution of the butterflies and so these were not measured in the following years. 
Throughout the study, grass height was measured using a 30cm drop disc as described 
by BUTT (1986).  This was exchanged for a 20cm disc a few weeks into the project in 
order to reduce the number of inflated readings produced in areas of shorter grass (e.g. 
less than 10cm) when the larger disc came to rest on bumps and stones in the ground 
(Stewart et al., 2001; Loram et al., 2003).  Using both discs concurrently for a number 
of days showed that the slightly lower weight of the smaller disc did not affect the 
readings in longer grass or where the ground was even and therefore the two datasets 
were integrated.   
The abundance of butterflies, either the target or other butterfly species, was not 
specifically recorded.  This was due to the constraints of time for one person carrying 
out fieldwork and because of the small numbers of individuals seen at some of the 
patches and their sometimes sparse but widespread distributions.  Walking transects to 
record exact numbers would have substantially added to the amount of time spent at 
each patch and reduced the number that could be sampled in any one season.  
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Nevertheless, the abundance of species is another way that habitat quality can be 
inferred (Pywell et al., 2004) and so an approximation of numbers was noted (1 
sighting, 2-5 individuals, 6-10, 10-20 and 20 or more). 
2.4.5 Defining patches 
The final major problem that had to be solved in the course of establishing a protocol 
for sampling sites and for analysing data was how to identify the area of habitat i.e. the 
patch, to be sampled.  Hanski and Simberloff (1997, p 11) define a patch as “a 
continuous area of space with all necessary resources for the persistence of a local 
population”.  However since the one of the main aims of sampling habitat in this West 
Midlands study was to ascertain the resources used by the study species, those resources 
could not be used to identify patches.     
In butterfly ecology habitat patches are frequently defined by flight areas i.e. the units of 
land within which butterflies complete their entire life cycle (Cowley et al., 1999).  For 
some species it is possible to identify flight areas using the location of adult behaviour 
(Dennis et al., 2003).  This was not possible for any of the butterflies studied at sites in 
the West Midlands.  Only at one or two sites were reasonable numbers of individuals 
(>25) distributed throughout what appeared to be suitable areas of habitat (e.g. P. icarus 
at Ibstock Brickworks and Winterley Lane or C. pamphilus at Brownhills Common or 
Saltwells “Table Top”).  At the majority of sites, relatively few individuals (5-20) were 
either sparsely distributed over large areas of apparently suitable habitat or concentrated 
into small areas.  However, as mentioned earlier, the absence of butterflies from a 
particular area did not necessarily mean that it was not utilised in some way.  Indeed, 
the resources used may be confined to small areas within a patch, particularly in the 
case of less mobile species, or diffused over much larger areas (Cowley et al., 2001; 
Dennis et al., 2003).   
As Cowley, et al. (1999) point out, the flight areas of many species appear to 
correspond with identifiable changes in habitat, and this method is frequently used to 
define habitat patches (e.g. Thomas & Jones, 1993; Hanski et al., 1995; Fleishman et 
al., 2002; Thomas et al., 2002; Wilson et al., 2002).  On the ground this seemed 
somewhat inadequate for the study species at the West Midlands sites.  Firstly, though 
some patches were small and appeared to be relatively homogeneous, others were much 
larger and more complex, consisting of what appeared to be highly suitable areas of 
vegetation, interspersed with ostensibly less suitable areas.  Sometimes the butterflies 
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were seen throughout the entire extent of such patches.  Secondly, whilst some patches 
were clearly defined by their surroundings e.g. an area of grassland surrounded by an 
industrial estate, residential development or woodland, others were not.  Consequently, 
there was no obvious way of determining if what I perceived to be a patch of suitable 
habitat, bounded by unsuitable habitat of some description, corresponded to the 
butterflies’ “perception” of suitable habitat.  In consequence data were initially analysed 
by “lumping” the quadrats together and classifying them according to whether the 
butterflies were present or absent at the site from which they were taken, rather than 
separating them out and analysing them by patch according to prior assumptions.   The 
rationale was that this method would give an overview of what was important to the 
distribution of the butterflies.  Statistically, however, it was more conventional and 
acceptable to analyse the data and present the results on a per patch basis (C.D. Thomas, 
pers. comm.) and thus some criteria for defining patches were required.  In the absence 
of more accurate information, flight areas were assumed to correspond with the 
boundaries of potentially suitable patches, which were identified by obvious changes in 
vegetation4.  Based on previous studies of butterflies occupying similar habitat types to 
those in this study (Thomas, 1983; Thomas et al., 1986; Thomas & Jones, 1993; Hill et 
al., 1996; Gutiérrez et al., 1999; Thomas et al., 2001) and with similar mobilities 
(Dennis & Shreeve, 1996; Dennis & Shreeve, 1997), patches were defined as separate 
from one another if i) the vegetation was apparently different, ii) they were separated by 
a continuous barrier of woodland, scrub or buildings or iii) separated by a distance of 
more than 100m. Any one of these conditions meant that the patch was treated as 
separate.  Thus, if two patches were separated by less than 100m but the vegetation was 
different in each (e.g. short, sparse grassland and rank grassland) then these patches 
were treated as independent from one another.  
A variety of grassland patches were assessed including i) those which were occupied by 
the target species; ii) those which were visually similar to occupied patches and 
therefore potentially suitable, but apparently unoccupied by the target species; iii) those 
which were to the experienced observer5 seemingly less suitable (e.g. patches in which 
grasses were becoming rank and/or where the sward was rather dense and long) and 
apparently unoccupied.  
 
______________________________________
4 Interestingly, very similar results in terms of the most significant variables to emerge from the analyses 
were reached using both methods.   
5 As later explained in Chapter 4, the experience necessary to make such judgements about the apparent 
suitability of habitat could be gained within a relatively short time i.e. a few days spent visiting known 
occupied patches. 
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2.4.6 Incorporating GIS into methods of site selection 
The method of locating sites using a combination of maps, local records and 
observations from the field worked relatively well in terms of providing sites to sample 
in the first two field seasons.  Nevertheless, as a method it was still somewhat ad hoc 
which ran the risk of missing what might be important patches of habitat.  Whilst the 
omission of patches was not necessarily critical to an assessment of habitat quality 
provided the number of patches sampled was sufficiently large, it could give a false 
representation of the isolation of patches chosen which in turn could adversely affect the 
outcome of any comparisons made between these two parameters.  
The difficulties of attempting to systematically identify potentially suitable patches 
using computer data have already been discussed (section 2.3).  Subsequently, visiting 
randomly selected 1km grid squares in order to determine any relationship between the 
information on the OS maps and what was “on the ground” was also considered.  If 
there was a correlation of some description, then it might be possible to assume that the 
same relationship existed across the whole region and using the maps, systematically 
identify potentially suitable patches.  However, the reality was that even a 1km square 
on the ground was a large area for one person to search. 
It seemed that the only methodical means of selecting patches was to incorporate the 
local records onto a computer program, even given the limitations discussed earlier.  
Thus, records from Ecorecord and BC were imported into MATLAB (The MathWorks 
Inc., 2001) and a custom written GIS “find sites to survey” program6 which plotted all 
the BC records for each of the target species onto a 1km square grid, used to identify the 
location of those records within each square.  There often existed several records with 
slightly different grid references and sometimes, a site name, so an OS map was then 
used to identify the most likely location on the ground, for these records.  The sites 
could then be visited and included in, or eliminated from the study as appropriate and 
“marked off” within the program (Figure 2.10). 
 
 
 ______________________________________
6 I.D. Loram, 2003 
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Figure 2.10:  Locating sites to survey.  
The map is based on a 1km grid square.  Each blue dot indicates that a Butterfly Conservation record exists 
in that 1km grid square for at least one butterfly of any species during 1995 to 2001; each red dot indicates 
records for P. icarus; circled dots indicate that these records were verified on the ground during the study.  
This display was used to keep a visual record of the sites surveyed during the study 
 
Where records for a particular species do not exist, either at a particular site or within a 
grid square, the question arises as to whether this is due to a genuine absence of that 
species at that particular location, or to recorder bias i.e. that no recording has taken 
place (Dennis et al., 1999; Dennis & Thomas, 2000).  Figure 2.11 shows the variation in 
recording over the last 20 years for P. icarus and C. pamphilus.  The pattern is very 
similar for the other species in this study and indeed, for the majority of species in the 
region.  From being almost non-existent at the start of the 1980s (no records exist until 
1983), recording peaks in the mid 1990s around the time leading up to the publication 
of “The Millennium Atlas of Butterflies in Britain and Ireland” (Asher et al., 2001) and 
declines again towards the turn of the century.  Not surprisingly then, there were 
omissions from the records for the target species.  So, records for all the species in the 
West Midlands conurbation were incorporated into the “find sites to survey” program 
including those for four relatively ubiquitous species, (green-veined white Pieris napi, 
large white Pieris brassicae, red admiral Vanessa atalanta and small tortoiseshell 
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Aglais urticae) which are almost always seen at grassland sites under suitable weather 
conditions.  This meant that unrecorded areas could be identified and distinguished from 
those in which the target species were genuinely absent.  If upon examination of the 
appropriate OS map there appeared to be a potentially suitable site within unrecorded 
squares, then this was also visited.   Consequently, this program was used to identify 
patches that had not already visited during the study and wherever possible, to “fill in 
the gaps” between those that had. 
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Figure 2.11: The variation in recording effort for P. icarus and C. pamphilus from 
1983-2001 
The number of Butterfly Conservation records for P. icarus and C. pamphilus for each year from 1982 to 
2001 are represented by Grey and black bars respectively.  Recording peaked during the mid 1990s in 
preparation for the publication of the Millenium Atlas of Great Britain (Asher et al., 2001) 
 
By the end of the 2002 field season sufficient data had been obtained to begin to draw 
some conclusions regarding the requirements of P. icarus and to a lesser extent, C. 
pamphilus.  Of the 61 patches sampled, only 7 were occupied by E. tages and 4 by C. 
rubi, too small a number to constitute a statistically meaningful sample size.  Therefore 
in 2003 rather than change the sampling strategy, for example, to focus on one or two 
patches occupied by P. icarus or C. pamphilus, efforts were directed towards increasing 
the dataset for E. tages and C. rubi.  In particular, the “find sites to survey” program 
was used to identify and visit all the known occupied patches for these two species and 
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several hitherto unrecorded patches which may contain apparently suitable patches.  
Patches occupied by E. tages and C. rubi were without exception also occupied by P. 
icarus so records for this species were also used as a guide.  A number of “new” patches 
were found for all three species using this system whilst several existing patches were 
found to be extinct or had been lost to development.  
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Figure 2.12: Distribution of all 1km squares recorded in the West Midlands 
conurbation during 1999 and 2000  
This figure shows all the 1km squares which have a Butterfly Conservation record for one or a combination 
of butterfly species.  Information can be used to determine whether the absence of any of the target species 
in any one square is genuine or simply due to lack of recording.  
 
2.4.7 Datasets 
Detailed sampling data from 2001 and 2002 were treated as a sub-dataset and analysed 
independently of those from the full-dataset from 2001 to 2003 inclusive (Full Dataset).  
This was to compare both sets of results and examine the consistency between them 
given that the Sub-Dataset was considerably smaller than the Full Dataset (61 patches 
and 1012 quadrats as compared to 102 patches and 1714 quadrats respectively).  Given 
that conservation officers and others who might have an interest in determining the 
requirements of butterflies do not necessarily have the “luxury” of several years of 
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study it is important to know whether the key factors influencing the distribution of 
butterflies can be identified in one or two seasons.  In addition, the weather in 2003 was 
very different from that of 2001 and 2002.  In July and August particularly, 
temperatures were unusually high, (frequently in excess of 30°C) for a prolonged period 
of time with little or no rainfall.  This appeared to have a positive effect upon the 
abundance of P. icarus but a negative effect upon that of C. pamphilus and may 
therefore, also have affected the outcome of data analysis.  Therefore, it seemed 
important to analyse data collected during the more typical years (i.e. 2001 & 2002) 
separately.   
2.4.8 Mark-release recapture 
Chapter 5 deals with the measurement of the area of each patch sampled, and the 
calculation of isolation values for each, and refers to the possibility of the study species 
existing as metapopulations.  Evidence for dispersal of the study species between the 
patches sampled in the West Midlands conurbation would have provided confirmation 
of the existence of metapopulation structures (Thomas & Hanski, 1997) and could 
possibly have been established by analysing the genetic differentiation between 
populations (Stacey, et al., 1992) or using a mark-release-recapture method (MRR).  
The latter potentially would also have provided data on population sizes (see Fleishman 
et al., 2002).  However, MRR is demanding in terms of manpower and time.  A MRR 
study by Hill et al. (1996) of Hesperia comma in Surrey required 4 people to visit 14 
habitat patches daily over 11 days in order to collect sufficient data.  These patches were 
on average less than 1ha in area and situated within an area of approximately 1km2.  
Translating this into the number of days that would be required for one person to cover 
the same number of patches within a similar area demonstrates why MRR would have 
been impractical for this study given the eventual number and distribution of patches 
studied.   Other studies have taken place over years (e.g Petit et al., 2001) collected data 
from 12 patches occupied by the bog fritillary Proclossiana eunomia over a period of 6 
years).  Even to undertake MRR on one or two sites in the West Midlands would have 
detracted from the other aims of the project and any negative results would have been 
inconclusive.  If the closed population classification of all four butterflies (Thomas 
1994) is accurate, the probability of a marked butterfly migrating to another site and 
being recaptured at that site would be incredibly small since the majority of individuals 
remain in their natal habitat.  Genetic analysis of populations was beyond the scope of 
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this particular project.  Thus, the existence of metapopulation structures for each species 
was speculated upon using other characteristic features as discussed more fully in 
Chapter 5. 
2.5 SUMMARY 
This chapter has outlined the development of this project and has highlighted some of 
the difficulties encountered in determining how to measure habitat quality.  The 
decisions taken and strategies used in the course of overcoming those difficulties and 
the evolutions of the various sampling methods have been documented in full.  The 
methods eventually used are summarised in the next three chapters which respectively 
discuss how the habitat requirements of the study species were determined, how habitat 
quality indices were devised and how patch area and connectivity were measured. 
(Harrison et al., 1988; Dennis & Eales, 1997) (Small et al., 2004, 2004 #301) (Summerville & Crist, 
2004) (Fred & Brommer, 2003) (Pywell et al., 2004) (Steffan-Dewenter & Tscharntke, 2000) (Ellis, 
2003); (Hanski & Simberloff, 1997) 
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3.1 INTRODUCTION  
The impact of habitat quality upon some butterfly species has been assessed in a 
number of studies (e.g. Euphydryas editha bayensis, (Harrison et al., 1988; Harrison, 
1989), the mountain alcon blue Maculinia rebeli (Clarke et al., 1997), the silver-studded 
blue Plebejus argus, (Thomas et al., 2002) and Aricia artaxerxes, (Ellis, 2003).  
Similarly the effects of size and isolation have also been documented (e.g. Hanski & 
Thomas, 1994; Hanski et al., 1995; Hill et al., 1996; Dennis & Shreeve, 1997; Lewis et 
al., 1997; Dennis et al., 1998; Gutiérrez et al., 1999).  However, it is only recently that 
the three parameters have been compared in combination (e.g. Dennis & Eales, 1997; 
Thomas et al., 2001b; Fleishman et al., 2002; Anthes et al., 2003; Fred & Brommer, 
2003; WallisDeVries, 2004).  As mentioned previously, all of these studies focus upon 
specialist species in rural areas.  To date, the effects of quality, size and isolation upon 
have not been assessed in relation to more common species in urban areas.  As 
discussed in Chapters 1 and 2, the main aim of this project is to compare the relative 
contribution that habitat quality, patch size and isolation make to the persistence of 
grassland butterfly species in the West Midlands conurbation.   
As demonstrated by the methods used in the aforementioned studies, comparing the 
relative importance of habitat quality, patch size and connectivity upon the presence or 
absence of butterflies requires some means of assessing habitat suitability at the various 
sites.  Since habitat quality is a function of the resources required by a particular species 
(Fred & Brommer, 2003), some understanding of the habitat requirements of each 
species is essential (Pywell et al., 2004).  However, none of the five species in this 
study can be described as having particularly narrow ecological niches.  Polyommatus 
icarus, Lycaena phlaeas and Coenonympha pamphilus are “common or wider 
countryside species”, and therefore have relatively broad habitat requirements when 
compared to so-called habitat specialists (Cowley et al., 1999; Asher et al., 2001).  Even 
the two “habitat specialists” in the study, Erynnis tages and Callophrys rubi, are not as 
restricted in terms of their requirements, as some other specialist species.  Whilst many 
specialised species are dependent upon the presence of a particular larval food plant, 
growing in precisely the correct conditions (for example, Coenonympha tullia (Dennis 
& Eales, 1997), Melitaea cinxia and Polyommatus bellargus (Asher et al., 2001; 
Thomas et al., 2001b), the marsh fritillary Euphydryas aurinia (Anthes et al., 2003)) all 
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the species in this study are documented as being able to use a variety of larval food 
plants in a comparatively broad range of habitats (e.g. Asher et al., 2001; Lewington, 
1999; Thomas, 1986).  This can make it difficult to pinpoint, in any given habitat type, 
which factors are important for persistence and which are not.   
Generalised accounts of the species in this study usually give descriptions of their 
requirements over whole regions (e.g. the UK or Europe) including the entire range of 
larval food plants used (Lewington, 1999; Asher et al., 2001).  Sometimes variations in 
larval food plant preferences in different areas and/or habitat types are highlighted.  For 
example, Thomas, (1984) states that in boggy habitats, Lotus uliginosus is the larval 
food plant of P. icarus rather than L. corniculatus, which is generally cited as this 
species main larval foodplant (e.g. Thomas, 1986; Gutiérrez et al., 1999; León-Cortés et 
al., 1999; Asher et al., 2001).  C. rubi utilises Helianthemum nummularium and L. 
corniculatus on calcareous grassland, Ulex europeaus, Cytisus scoparius, and Genista 
tinctoria on heathland and almost exclusively Vaccinium myrtillus on moorland and 
throughout Scotland (Asher 2001).  At the other extreme, scientific papers and reports 
describing specific studies in particular areas generally refer to or reveal the 
requirements of the species in question, in that area (Gutiérrez et al., 1999; León-Cortés 
et al., 1999).  However, a species may have varying requirements according to the area 
in which it is found (Dennis et al., 2003) and also requirements may change with time 
(e.g. the silver spotted skipper Hesperia comma, (Thomas et al., 2001a) and therefore 
the information contained in such papers or reports is not necessarily applicable to other 
geographical locations.  Thus, using information from previous studies could be 
misleading in certain instances.  For example, as demonstrated by Dennis (1993), it is a 
common observation that butterflies do not occupy the same zones as their larval 
foodplants.  Studies in North Wales revealed the distributions of P. icarus and 
particularly E. tages to be far less widespread than that of L. corniculatus (Gutiérrez et 
al., 1999; Cowley et al., 2001).  A similar pattern may be observed in the West 
Midlands (Figure 2.1).  Furthermore, the distributions of both E. tages and C. rubi, also 
documented as using L. corniculatus as their main larval foodplant, are very different 
from that of P. icarus indicating that other factors are involved in the distribution of 
these two butterflies in the region.  Consequently the habitat requirements of these and 
the other species in the study may involve a combination of a large number of possible 
factors that must be investigated. 
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Since the majority of butterfly studies, including those relating to the species selected 
for this study, have been carried out in rural areas, the requirements of these and other 
butterflies in an urban setting and specifically the West Midlands conurbation, is not 
known.  Therefore, before attempting to generate an index or indices of what constitutes 
good or poor habitat for these butterflies within this region, the first priority, was to 
record the habitat requirements of the species on sites that are known to contain 
breeding colonies.  That is, to establish requirements of the species in the West 
Midlands from first principles and local evidence rather than extrapolating from the 
literature.  
This chapter reports on an attempt to derive and understand the habitat requirements of 
P. icarus, C. pamphilus, L. phlaeas, E. tages and C. rubi in the West Midlands 
conurbation by studying both occupied and apparently unoccupied sites in the region.   
3.2 METHODS  
3.2.1 Fieldwork  
3.2.1.1 Location of patches and determining residency 
Patches known to be occupied or potentially occupied by P. icarus, E. tages, C. rubi, L. 
phlaeas and/or C. pamphilus were located using local records, observations and maps 
and searched from mid- to late April to early September in 2001, 2002 and 2003 in 
accordance with guidelines set out by the Butterfly monitoring Scheme (Hall, 1981).  At 
patches where only one or two individuals of the target species were located, 
observation of territorial behaviour by adult males, courtship/mating behaviour by male 
and females and/or egg-laying behaviour by females was used to distinguish breeding 
adults from vagrants and thus confirm residency (Dennis & Bardell, 1996; Dennis & 
Hardy, 1999).  If the butterfly in question was not located during the first visit, the patch 
was visited at least twice more under favourable conditions during the flight season and, 
when the species was in evidence at other nearby patches.  On the basis of these 
searches, patches were recorded as being occupied i.e. resident or apparently 
unoccupied1.   The majority of patches visited and sampled during 2001 and 2002, were 
revisited in 2003 to further verify the presence/absence of the target species. 
It was assumed that the flight areas of the target species (i.e. the patch of habitat 
                                                          
1 Since one can never be completely certain that a species is absent from a patch which contains 
ostensibly suitable habitat, “unoccupied” from here is used to mean “apparently unoccupied”. 
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occupied), corresponded with the boundaries of potentially suitable patches (see Cowley 
et al., 1999), which for practical reasons, were identified by obvious changes in 
vegetation (e.g. short grassland patches bounded by any one or combination of mown 
amenity or dense, rank grassland, scrub, woodland and/or urban development).  
Sites visited varied in both the numbers and sizes of patches they contained.  Some 
existed as one large patch of grassland which in its entirety, could be regarded as 
potentially suitable for the species in this study, but which seemingly varied in quality 
within that patch.  Others consisted of clearly defined patches of apparently suitable 
vegetation of relatively homogeneous quality separated by areas ranging from less 
suitable to totally unsuitable.  The characteristics of each patch and the fact that 
butterfly species differ in terms of their mobility both have implications for determining 
the size of patches and their isolation.  Based on previous studies of butterflies 
occupying similar habitat types to those in this study (Thomas, 1983; Thomas et al., 
1986; Thomas & Jones, 1993; Hill et al., 1996; Gutiérrez et al., 1999; Thomas et al., 
2001b) and with similar dispersal abilities (Dennis & Shreeve, 1996; Dennis & Shreeve, 
1997), patches were defined as separate from one another if i) the vegetation was 
apparently different, ii) they were separated by a continuous barrier of woodland, scrub 
or buildings or iii) separated by a distance of more than 100m. Any one of these 
conditions meant that the patch was treated as separate.    
Grassland patches assessed during the study included i) those which were occupied by 
the target species; ii) those which were visually similar to occupied patches and 
therefore potentially suitable, but apparently unoccupied by the target species; iii) those 
which were to the experienced observer2, seemingly less suitable (e.g. patches in which 
grasses were becoming rank and/or where the sward was rather dense and long) and 
apparently unoccupied.   
3.2.1.2 Detailed Vegetation Quadrat Sampling  
The vegetation within each patch was sampled using 1m × 1m quadrats placed at 
regular predetermined intervals along a zig-zag patterned walk across the entire area of 
the patch.  A minimum of between 5 and 10 quadrat samples were taken depending 
upon the size of the patch.  Several patches were sufficiently large that they could be 
                                                          
2  As explained further in Chapter 4 the experience necessary to make such judgements about the apparent 
suitability of habitat could be gained within a relatively short time i.e. a few days spent visiting known 
occupied patches. 
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further divided into zones from each of which 5 to 10 samples were taken using the 
same method.  The approximate location of each quadrat was recorded using a handheld 
Global Positioning Satellite Device (GPS).  Within each quadrat, the percentage cover 
of bare ground and larval food plants were estimated and grass height measured to the 
nearest 0.5cm using a 20cm drop disc as described in Chapter 2.   
3.2.1.3 Patch Attribute Assessment  
As well as sampling by placing quadrats as described above, an attempt was made to 
assess each patch as a whole, by recording the presence of key plants and other positive 
and negative features that were considered to increase or decrease the likelihood that 
one or more of the study species would be present.  The features used (Table 3.1) were 
based on information in the literature (e.g. Dennis, 1984, 1985; BUTT, 1986; Thomas, 
1986; Thomas & Lewington, 1991; Oates, 1995; Dennis & Shreeve, 1997; Gutiérrez et 
al., 1999; León-Cortés et al., 1999, 2000; Asher et al., 2001), observations made in the 
field during 2000/2001 and the results of preliminary analysis of data collected during 
that time.  Table 3.2 shows the larval and nectar plants for each species used in the 
patch attribute assessment criteria.   
 
Table 3.1:  Attributes used to assess the quality of each patch 
A score of 1 or 0 indicates the presence or absence respectively of a feature considered to increase the 
likelihood of a patch being occupied.  A score of 1 or -1 indicates the presence of features thought to have 
distinctly positive or negative effects respectively and which could be present in combination within a 
patch (e.g. an open or closed sward, dry or wet ground).  Summer and winter mowing were given scores 
of -0.5 and 0.5 respectively. 
Attribute Score (1/0/-1) 
presence/absence of larval food plants  1/0 
presence/absence of nectar plants 1/0 
presence/absence of bare ground 1/0 
a varied or uniform turf height 1/0 
a mainly open or closed sward 1/-1 
a sheltered or exposed site 1/-1 
a freely drained or wet and boggy site 1/-1 
presence/absence of management (e.g. grazing/mowing) 1/-1 
presence/absence of low density grazing 1/0 
mowing (between September and March/April and August) 0.5/-0.5 
Total  
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Some attributes, such as larval food plants or varied sward heights, were considered to 
be positive in their effect and were either present or absent from a patch.  These were 
correspondingly scored 1 or 0.  Other attributes such as an open versus closed sward, 
presence of dry or wet ground which were considered to have distinctly positive or 
negative effects, could be present in combination and were scored 1 or -1 respectively.  
Mowing, was split into that which took place between October and March when larvae 
are likely to be inactive or low in the vegetation, and between April and September 
when larvae and adults were more likely to be active.  The former would be potentially 
beneficial, the latter detrimental to butterflies.  Mowing is generally considered to be a 
poorer management option than low density grazing, on account of the uniform sward it 
produces.  Nevertheless it is often the only viable option, particularly where resources 
are limited and/or at sites where land is used by members of the public (BUTT, 1986).  
Thus, winter mowing was given a score of 0.5 and summer mowing a score of –0.5.   
 
Table 3.2: Larval and nectar plants used in the patch attribute assessment 
Lists of larval foodplants and nectar sources were compiled using information from the literature and 
observations made in the field during the first year of the study. 
 
 P. icarus C. pamphilus E. tages C. rubi 
Larval 
food 
plants 
Lotus corniculatus 
Trifolium dubium 
Trifolium pratense 
Trifolium repens 
Medicago lupulina 
Ononis spp. 
Festuca ovina 
Festuca rubra 
Lotus corniculatus Lotus corniculatus 
Nectar 
sources 
Centaurea spp. 
Lotus corniculatus 
Medicago lupulina 
Ononis spp. 
Ranunculus spp. 
Senecio spp. 
Trifolium dubium 
Trifolium pratense 
Trifolium repens 
Vicia spp. 
Eupatorium cannabinum
Hieracium spp. 
Origanum vulgare 
Ranunculus spp. 
Thymus spp. 
Hieracium spp. 
Hippocrepis comosa 
Ranunculus spp. 
Lotus corniculatus 
Ulex europaeus 
Lathyrus pratensis 
Cytisus scoparius 
Genista tinctoria 
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3.2.2 Statistical analyses  
3.2.2.1 Detailed sampling data 
A non-parametric Mann Whitney U test was used to examine all variables individually 
for significant differences between patches in which the butterflies were present (i.e. 
breeding) and those in which they were not recorded.  As none of the target species are 
restricted to one larval food plant and since all can tolerate a variety of conditions, no 
single variable is likely to be responsible for their distribution.  Therefore discriminant 
function analysis (DFA) (Legendre & Legendre, 1998) was used to find the 
combination of variables recorded in the detailed quadrat data that discriminate 
significantly between patches occupied by target species and those which were not. 
Whilst one particular variable when tested individually, may not show any significant 
differences between occupied and unoccupied patches, in combination with other 
variables, it may be highly significant.  For example, if when tested individually, neither 
plant A or B was significant for P. icarus, one might conclude that neither was important 
to this butterfly.  However, in combination both plants may be highly significant, 
suggesting that this butterfly requires both plants to be present, rather than one or the 
other. 
DFA has a feature that makes it particularly valuable for identifying plants that are 
important.  Each analysis produces a structure matrix that lists all the plants in order of 
their usefulness to the discriminant function.  DFA also uses a cross-validated score to 
calculate the success of the model (i.e. the number of cases correctly classified).  In this 
“leave-one-out classification” method, cases are classified according to coefficients 
computed using all the cases except the one being classified.  This is equivalent to using 
different datasets to calculate and test the scores (SPSS, 1999).  The cases in the 
analysis in this instance are the 102 patches sampled which are classified as butterfly 
“present” or butterfly “absent” (1 or 0 respectively).  Thus the number of cases 
(patches) correctly classified by each analysis assesses the predictive ability of the DFA.   
A number of authors use regression techniques to determine the factors underlying 
species incidence, richness and/or abundance (e.g. Thomas et al., 2001b; Fleishman et 
al., 2002; Anthes et al., 2003; Summerville & Crist, 2004; WallisDeVries, 2004).  More 
specifically, DFA which is in effect a form of linear regression when there are only two 
output variables (SPSS, 1999), is used by Dennis and Eales (1997) in studies assessing 
the relationship between habitat, size and isolation in Coenonympha tullia, (Dennis & 
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Hardy, 1999) in predicting species richness and incidence of species and Hardy and 
Dennis, (1999) in determining the effect of urbanisation in Greater Manchester (Hardy 
& Dennis, 1999).  A fuller explanation of the DFA is given in Chapter 4.  
In this study, the presence of the butterflies was entered into DFA as the dependent 
variable (1, 0) and the quadrat data as the independent variables.  Plants were entered as 
frequencies i.e. the proportion of quadrats per patch in which each plant species was 
present, with vegetation height being entered as a mean for each patch.  A stepwise 
procedure was used with P values of 0.02 and 0.05 respectively for entry and removal 
criteria at each step.   
Many of the 191 plant species recorded during the study were present in only a small 
number of patches (e.g. 42 were present in only one patch and a further 31 in only two) 
and were considered unlikely to have any significant effect upon the presence or 
absence of the butterflies. In order to discover which variables led to a discriminant 
function that significantly distinguished between patches occupied and unoccupied by 
the butterflies, the following approaches were used to filter out potentially insignificant 
variables;- 
i)  Detailed Sampling Assessment 1 (DFA 1) - all variables recorded were entered  
ii)  Detailed Sampling Assessment 2 (DFA 2) - only variables that showed 
significant differences in the Mann Whitney U tests between occupied and unoccupied 
patches were entered into a stepwise DFA; 
iii) & iv) Detailed Sampling Assessment 3 & 4 (DFA 3 & 4) - only variables present in 
more than 10% and 20% respectively of all patches were entered into stepwise DFA in 
order to eliminate variables which occurred only rarely and might therefore, have a 
disproportionate effect upon the analysis. 
3.2.2.2 Patch Attribute Assessment 
A Mann Whitney U test and discriminant function analysis were used to identify any 
significant differences in the attributes recorded, between occupied and unoccupied 
patches.  In addition to the 10 attributes recorded in the field, an eleventh was 
constructed by summing the individual scores for mowing, grazing and lack of 
management to give a total management score for each patch.  All 11 attributes were 
entered into analyses as separate variables.  The significant variables were then entered 
into a backwards stepwise binary logistic regression.  
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3.2.2.3 Datasets 
Detailed sampling and patch attribute data from 2001 and 2002 were treated as a sub-
dataset and analysed independently of those from the full-dataset from 2001 to 2003 
inclusive (Full Dataset).  This was to compare both sets of results and examine the 
consistency between them given that the Sub-Dataset was considerably smaller than the 
Full Dataset and that the weather in 2003 was much warmer (temperatures frequently in 
excess of 30°C) and drier during July and August than in either 2001 and 2002.  This 
appeared to have a positive effect upon the abundance of P. icarus but a negative effect 
upon that of C. pamphilus and may therefore, also have affected the outcome of data 
analysis.  Thus it seemed important to analyse data collected during the first two more 
typical years separately.  The results of these analyses are shown in full in the 
Appendix.  However, since both sets of results are broadly consistent, the remainder of 
this thesis will be concerned largely with those from 2001 to 2003 inclusive (Full 
Dataset) those from 2001 and 2002 (Sub-Dataset) will not be documented or discussed 
in any detail from this point onwards. 
3.3 RESULTS  
During the three flight seasons of the study, a total of 102 patches from 49 sites were 
sampled (61 patches from 30 sites during the 2 flight seasons of 2001 & 2002 and a 
further 41 patches from an additional 18 sites during 2003). Table 3.3 shows a 
breakdown of the number of sampled patches found to be occupied or apparently 
unoccupied by each butterfly, and the number of quadrats taken from each.  Data from 
all 102 patches were used in the analysis for P. icarus and C. pamphilus.  However, 
patches visited after 30th June in any of the three field seasons were excluded from the 
analysis of E. tages and C. rubi on the basis that the flight period of these butterflies had 
finished by this time and therefore the occupation status of patches could not be firmly 
established.  Consequently data from 82 patches only (1475 quadrats) were included in 
the analysis for these butterflies.   
Of the 102 patches sampled during the entire study period 64 were found to be occupied 
by P. icarus, 13 by E. tages, 14 by C. rubi, and 31 by C. pamphilus (Table 3.3).   
Although 19 patches are scored as resident for L. phlaeas, at the majority of these sites 
this description is somewhat tenuous, simply because only one or two individuals were 
ever observed at any one time, usually in flight, perching and/or nectaring.  Egg-laying, 
mating and/or territorial behaviour were rarely seen.  Thus residency simply could not 
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be firmly established.  Furthermore, this comparative lack of observations meant that it 
was difficult to establish what represented good/poor quality habitat and also what 
might be considered to be attributes that would increase/decrease the likelihood of this 
butterfly being present.  Thus L. phlaeas was excluded from further analyses.  
 
Table 3.3: Patches occupied and apparently unoccupied by each butterfly and the 
number of quadrats sampled 
The number of patches occupied by each butterfly are shown in columns 2 and 3, and the number of 
quadrats taken from patches occupied by each butterfly in columns 5 and 6 respectively.  The total 
number of patches surveyed and quadrats sampled for each species are shown in columns 4 and 7 
respectively.  * For L. phlaeas only one or two individuals were seen at any one time (see section 3.3). 
Patches Quadrats sampled Butterfly 
Occupied Unoccupied Total Occupied 
patches 
Unoccupied 
patches 
Total
P. icarus 64 38 102 1241 473 1714 
C. pamphilus 31 71 102 799 915 1714 
L. phlaeas* 19 83 102 324 1390 1714 
E. tages 13 69 82 348 1127 1475 
C. rubi 14 68 82 513 962 1475 
 
3.3.1 Detailed Vegetation Quadrat Sampling  
Table 3.4 (a-d) lists, in order of significance, the variables emerging from the Mann 
Whitney U tests as being significantly different in patches occupied and unoccupied by 
P. icarus, E. tages, C. rubi and C. pamphilus respectively (P <0.005).  The mean 
frequency of each variable in occupied and unoccupied patches (i.e. the number of 
quadrats per patch in which each variable was recorded) is also shown, along with the 
percentage number of occupied and unoccupied patches in which each variable was 
present.   
Variables which had greater frequencies in occupied patches were also present in a 
greater number of occupied compared to unoccupied patches and were assumed to have 
a positive influence on the presence of the butterflies and vice versa.  The tables thus 
indicate that all variables have a positive significance except for those marked with an 
asterisk.  That is Heracleum sphondylium, Galium saxatile, Phleum pratense, 
Anthoxanthum odoratum, Deschampsia flexuosa, Molinia caerulea and Nardus stricta 
are negative predictors for P. icarus.  Lolium perenne and Poa trivialis are negative for 
E. tages and Agrostis capillaris for C. rubi.  The analysis does not indicate any negative 
77 
CHAPTER 3: DETERMINING HABITAT REQUIREMENTS 
variables for C. pamphilus.    
 
Table 3.4: Detailed Quadrat Sampling – comparison of occupied and unoccupied 
patches 
This table presents summary statistics of variables which are significantly different in occupied and 
unoccupied patches.  For each variable, the Z statistic from the Mann Whitney U test and the associated P 
value are shown.  For both occupied and unoccupied patches, the quadrat frequency gives the mean 
percentage of quadrats per patch in which each variable occurs.  The patch frequency shows the 
percentage of patches in which each variable was present.  * variables negatively significant for the 
presence of the butterfly; **mean vegetation height (cm) 
a.  P. icarus 
Mean Quadrat 
Frequency  
(% quads. per patch)
Patch frequency  
(% patches) 
Variable Z-
statistic
P-value 
Occupied 
patches 
Unoccupied 
patches 
Occupied  
patches 
Unoccupied 
patches 
Trifolium dubium -5.386 0.000 31.18 6.50 81.25 28.95 
Lotus corniculatus -4.544 0.000 45.03 16.33 85.94 55.26 
Trifolium pratense -4.457 0.000 39.12 16.47 92.19 52.63 
Senecio jacobaea -4.309 0.000 17.05 4.26 67.19 21.05 
Bare ground -4.284 0.000 31.09 9.83 76.56 42.11 
Plantago lanceolata -4.131 0.000 58.35 30.64 98.44 68.42 
Taraxacum officinale -3.732 0.000 19.40 8.03 79.69 39.47 
Vegetation height** -3.513 0.000 9.06 13.63 N/A N/A 
Vicia spp. -3.427 0.001 26.81 12.58 76.56 44.74 
Centaurium erythraea -3.375 0.001 4.55 0.53 31.25 2.63 
Melilotus officinalis -3.324 0.001 3.29 0.00 25.00 0.00 
Achillea millefolium  -3.148 0.002 13.43 3.94 51.56 18.42 
Cerastium fontanum -3.086 0.002 16.81 7.15 68.75 39.47 
Tussilago farfara -2.951 0.003 3.33 0.00 20.31 0.00 
Potentilla reptans -2.918 0.004 9.33 2.89 39.06 10.53 
Anthoxanthum odoratum* -2.899 0.004 5.65 16.47 26.56 52.63 
Heracleum sphondylium* -2.898 0.004 1.86 8.94 17.19 39.47 
Deschampsia flexuosa* -2.640 0.008 1.63 9.22 7.81 26.32 
Galium saxatile* -2.634 0.008 0.00 2.84 0.00 10.53 
Festuca rubra -2.560 0.010 55.27 38.53 90.63 84.21 
Phleum pratense* -2.535 0.011 6.31 13.08 26.56 50.00 
Rubus fruticosus -2.514 0.012 6.59 3.90 45.31 18.42 
Crepis capillaris -2.474 0.013 14.07 8.56 60.94 31.58 
Lolium perenne -2.299 0.021 43.58 29.51 90.63 76.32 
Molinia caerulea* -2.270 0.023 0.00 4.33 0.00 7.89 
Leucanthemum vulgare -2.216 0.027 10.70 5.18 31.25 10.53 
Odontites vernus -2.139 0.032 6.12 4.19 35.94 13.16 
Festuca ovina -2.124 0.034 19.14 10.98 56.25 34.21 
Linaria vulgaris -2.100 0.036 1.22 0.00 10.94 0.00 
Potentilla erecta -2.100 0.036 0.74 0.00 10.94 0.00 
Nardus stricta* -1.998 0.046 0.31 1.90 1.56 10.53 
Artemisia vulgaris -1.993 0.046 1.77 0.53 15.63 2.63 
Bromus hordeaceus -1.989 0.047 3.81 0.90 26.56 10.53 
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(cont’d) 
b.  C. pamphilus 
Mean Quadrat 
Frequency  
(% quads. per patch)
Patch frequency  
(% patches) 
Variable Z P value 
Occupied 
patches 
Unoccupied 
patches 
Occupied  
patches 
Unoccupied 
patches 
Festuca ovina -3.646 0.000 26.64 11.49 74.19 36.62 
Luzula campestris -3.582 0.000 1.24 0.28 22.58 1.41 
Pilosella officinarum -2.819 0.005 5.75 3.43 41.94 14.08 
Cirsium arvense -2.737 0.006 6.88 3.58 45.16 16.90 
Festuca gigantea -2.647 0.008 1.34 0.00 9.68 0.00 
Deschampsia flexuosa -2.640 0.008 8.82 2.56 29.03 8.45 
Bare ground -2.560 0.010 30.55 19.95 83.87 54.93 
Aira praecox -2.537 0.011 1.85 1.15 25.81 7.04 
Festuca rubra -2.527 0.012 60.82 43.88 100.00 83.10 
Linum catharticum -2.421 0.015 2.56 0.85 12.90 1.41 
Odontites vernus -2.318 0.020 7.13 4.64 45.16 19.72 
Catapodium rigidum -2.151 0.031 0.11 0.00 6.45 0.00 
Helianthemum nummularium -2.151 0.031 0.11 0.00 6.45 0.00 
Leontondon autumnalis -2.151 0.031 0.38 0.00 6.45 0.00 
Lathyrus nissolia -2.151 0.031 0.12 0.00 6.45 0.00 
Primula veris -2.151 0.031 0.81 0.00 6.45 0.00 
Trifolium spp. -2.151 0.031 0.31 0.00 6.45 0.00 
Lolium perenne -2.074 0.038 28.91 42.46 83.87 85.92 
Tussilago farfara -2.053 0.040 5.26 0.71 22.58 8.45 
Alopecurus pratensis -2.013 0.044 1.35 0.47 16.13 4.23 
Dactylis glomerata -2.004 0.045 22.62 33.99 74.19 88.73 
Galium saxatile -1.990 0.047 2.83 0.28 9.68 1.41 
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(cont’d) 
c.  E. tages 
Mean Quadrat 
Frequency  
(% quads. per patch)
Patch frequency 
(% patches) 
Variable Z P value 
Occupied 
patches 
Unoccupied 
patches 
Occupied  
patches 
Unoccupied 
patches 
Centaurea scabiosa -4.040 0.000 2.96 0.00 23.08 0.00 
Tragopogon pratensis -3.920 0.000 3.99 0.58 46.15 5.80 
Bare ground -3.339 0.001 48.27 20.92 84.62 65.22 
Leucanthemum vulgare -3.329 0.001 32.63 5.25 61.54 20.29 
Ranunculus spp. -3.278 0.001 1.35 0.00 15.39 0.00 
Lathyrus nissolia -3.278 0.001 0.29 0.00 15.39 0.00 
Daucus carota -3.049 0.002 6.56 1.31 38.46 7.25 
Potentilla erecta -2.999 0.003 1.26 0.45 30.77 4.35 
Centaurium erythraea -2.997 0.003 10.26 2.31 53.85 17.39 
Pimpinella saxifraga -2.862 0.004 3.84 0.07 23.08 2.90 
Vicia spp. -2.839 0.005 45.94 18.53 84.62 66.67 
Lathyrus pratensis -2.497 0.013 10.85 6.44 69.23 28.99 
Ranunculus bulbosus -2.478 0.013 5.87 0.14 15.39 1.45 
Phragmites australis -2.304 0.021 0.20 0.00 7.69 0.00 
Quercus petraea -2.304 0.021 0.77 0.00 7.69 0.00 
Sedum spp. -2.304 0.021 0.26 0.00 7.69 0.00 
Veronica chamaedrys -2.304 0.021 0.19 0.00 7.69 0.00 
Anthyllis vulneraria -2.304 0.021 0.77 0.00 7.69 0.00 
Crepis vesicaria -2.304 0.021 1.54 0.00 7.69 0.00 
Carlina vulgaris -2.304 0.021 2.31 0.00 7.69 0.00 
Carpinus betulus -2.304 0.021 0.77 0.00 7.69 0.00 
Cirsium vulgare -2.304 0.021 0.77 0.00 7.69 0.00 
Cotoneaster -2.304 0.021 0.19 0.00 7.69 0.00 
Lolium perenne* -2.275 0.023 21.73 42.04 76.92 86.96 
Poa trivialis* -2.188 0.029 10.03 28.72 61.54 75.36 
Holcus mollis -2.163 0.031 17.85 10.62 76.92 42.03 
Rhinanthus minor -2.122 0.034 12.55 2.68 30.77 10.15 
Linaria purpurea -2.109 0.035 4.57 0.60 23.08 5.80 
Bromus hordeaceus -2.081 0.037 5.33 1.65 38.46 14.49 
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(cont’d) 
d.  C. rubi 
Mean Quadrat 
Frequency  
(% quads. per patch)
Patch frequency 
(% patches) 
Variable Z P value 
Occupied  
patches 
Unoccupied 
patches 
Occupied  
patches 
Unoccupied 
patches 
Tussilago farfara -4.275 0.000 6.83 1.41 50.00 5.88 
Crataegus spp. -4.130 0.000 5.88 1.76 71.43 14.71 
Ulex europaeus -3.803 0.000 3.52 0.10 28.57 1.47 
Galium aparine  -3.459 0.001 1.37 0.49 35.71 4.41 
Hypnum cupressiforme -3.221 0.001 1.20 0.74 28.57 2.94 
Catapodium rigidum -3.136 0.002 0.25 0.00 14.29 0.00 
Ranunculus spp. -3.136 0.002 1.25 0.00 14.29 0.00 
Trifolium spp. -3.136 0.002 0.68 0.00 14.29 0.00 
Trifolium arvense -3.120 0.002 1.23 0.10 21.43 1.47 
Leucanthemum vulgare -2.987 0.003 26.90 6.03 57.14 20.59 
Betula pendula -2.985 0.003 3.66 0.97 42.86 10.29 
Linaria purpurea -2.924 0.003 4.38 0.58 28.57 4.41 
Epilobium angustifolium -2.914 0.004 5.40 1.32 50.00 14.71 
Bare ground -2.877 0.004 41.89 21.84 92.86 63.24 
Tragopogon pratensis -2.678 0.007 1.34 1.08 35.71 7.35 
Rubus fruticosus -2.660 0.008 11.00 5.30 71.43 30.88 
Pimpinella saxifraga -2.644 0.008 3.05 0.18 21.43 2.94 
Centaurium erythraea -2.434 0.015 6.45 2.98 50.00 17.65 
Centaurea scabiosa -2.349 0.019 2.45 0.06 14.29 1.47 
Melilotus officinalis -2.313 0.021 3.55 1.99 42.86 13.24 
Festuca ovina -2.286 0.022 31.17 16.09 78.57 48.53 
Artemisia absinthium -2.273 0.023 1.67 0.44 14.29 1.47 
Festuca gigantea -2.273 0.023 1.22 0.36 14.29 1.47 
Cirsium spp. -2.226 0.026 3.26 1.56 28.57 7.35 
Anthyllis vulneraria -2.204 0.028 0.71 0.00 7.14 0.00 
Bromus commutatus -2.204 0.028 0.14 0.00 7.14 0.00 
Carlina vulgaris -2.204 0.028 2.14 0.00 7.14 0.00 
Carpinus betulus -2.204 0.028 0.71 0.00 7.14 0.00 
Cotoneaster -2.204 0.028 0.18 0.00 7.14 0.00 
Eriophorum vaginatum -2.204 0.028 0.36 0.00 7.14 0.00 
Geranium robertianum -2.204 0.028 1.43 0.00 7.14 0.00 
Hordeum murinum -2.204 0.028 0.14 0.00 7.14 0.00 
Pteridium aquilinum -2.204 0.028 0.71 0.00 7.14 0.00 
Phragmites australis -2.204 0.028 0.19 0.00 7.14 0.00 
Sonchus oleraceus -2.204 0.028 0.07 0.00 7.14 0.00 
Sedum spp. -2.204 0.028 0.24 0.00 7.14 0.00 
Veronica chamaedrys -2.204 0.028 0.18 0.00 7.14 0.00 
Vaccinium vitis-idaea -2.204 0.028 0.71 0.00 7.14 0.00 
Trifolium campestre -2.156 0.031 2.33 0.88 21.43 4.41 
Pilosella officinarum -2.050 0.040 12.25 2.82 42.86 19.12 
Vegetation height** -2.021 0.043 7.79 10.26 N/A N/A 
Agrostis capillaris* -2.012 0.044 3.68 21.86 28.57 51.47 
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For P. icarus, T. dubium is the most significant variable and has the greatest difference 
in occurrence between occupied and unoccupied patches (81% and 29% respectively).  
L. corniculatus and T. pratense, two of the other main documented larval food plants of 
this butterfly are the next most significant and have the greatest difference in frequency 
between occupied and unoccupied patches.  Other highly significant variables include a 
number of plants either observed being used as nectar sources (Table 3.5) and/or 
documented as such including Senecio jacobaea, P. lanceolata, Vicia spp., Centaurium 
erythraea and Achillea millefolium (P < 0.005).   These variables were also amongst 
those emerging as significant from the Mann Whitney U tests for the Sub-Dataset 
(Appendix, Table 1).   
 
Table 3.5: Larval and nectar plants observed during the study 
These were the plants upon which oviposition (larval foodplants) or nectaring took place during the study.   
 P. icarus C. pamphilus E. tages C. rubi 
Larval 
food 
plants 
Lotus corniculatus 
Trifolium dubium 
Trifolium pratense 
Calluna vulgaris 
Festuca ovina   
Nectar 
sources 
Achillea millefolium 
Calluna vulgaris 
Centaurium erythraea
Centaurea nigra 
Cirsium arvense 
Hieracium spp. 
Lotus corniculatus 
Leucanthemum vulgare
Plantago lanceolata 
Pilosella officinarum 
Primula veris 
Ranunculus spp. 
Senecio jacobaea 
Trifolium dubium 
Trifolium pratense 
Trifolium repens 
Vicia spp. 
Centaurium erythraea
Crepis biennis 
Crepis capillaris 
Crepis vesicaria 
Euphrasia spp. 
Hieracium spp. 
Hypochaeris radicata 
Lathyrus pratensis 
Leontondon autumnalis
Pilosella officinarum 
Ranunculus spp. 
Trifolium spp. 
Centaurea spp. 
Leucanthemum vulgare 
Lotus corniculatus 
Pilosella officinarum 
Vicia spp. 
Crataegus spp. 
Hieracium spp. 
Lathyrus pratensis 
Lotus corniculatus 
Rosa spp. 
Ulex europaeus 
Vicia spp. 
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The most significant variable for C. pamphilus is its main larval food plant F. ovina, (P 
< 0.005) which has the greatest difference of occurrence between patches occupied and 
apparently unoccupied by this butterfly (71% and 36% respectively).  Several nectar 
plants also have a positive significance including Pilosella officinarum and Cirsium 
arvense. 
No observed larval food plants appear as significant for E. tages, though observed 
nectar plants Centaurea spp., Leucanthemum vulgare and documented nectar plants 
Ranunculus spp., were significant (P < 0.05).   
For C. rubi, Ulex europaeas and Rubus fruticosus are the only documented larval food 
plants which are significant (P < 0.005 and <0.05 respectively), though neither was 
observed being used at any time during the study for oviposition.  Similarly, the only 
documented nectar plant which emerges as having a significant difference between 
occupied and unoccupied patches is P. officinarum (P <0.04) and again, this was not 
seen being used by C. rubi during this study.  
Bare ground is significant for all four butterfly species, and present in more than 75% of 
patches occupied by each.  Vegetation height on the other hand, is significant for P. 
icarus and C. rubi, but not for E. tages or C. pamphilus. 
Discriminant Function Analysis  
Table 3.6 summarises the results of the discriminant function analysis including the 
percentage number of patches correctly classified as occupied or unoccupied for each P. 
icarus, C. pamphilus, E. tages, and C. rubi.  Wilks’ lambda shows the proportion of the 
total variance in the discriminant scores not explained by the differences between 
occupied and unoccupied patches, and the P value, its significance.  Values of Wilks’ 
lambda range from 0 to 1 with values close to 0 indicating strong differences between 
the two groups and those close to 1, little or no differences (SPSS, 1999). 
Each of the four Detailed Sampling Assessment approaches used (DFA 1 to 4) produces a 
function (a list of variables) that discriminates significantly between the sampled patches 
occupied and not occupied by each butterfly (P < 0.000).   For each of the target species, 
DFA2, which is restricted to variables significant in the Mann Whitney U test for that 
species, has the least number of variables entered into the analysis but with the exception 
of C. rubi, the lowest percentage of patches correctly classified.  An equal or higher 
percentage of patches are correctly classified in DFA4, where only variables present in 
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20% of patches or more are entered. 
 
Table 3.6: Patch occupancy versus Detailed Sampling Assessment (DFA) 
This table summarises the ability of four discriminant functions constructed using quadrat data to classify 
the differences between occupied and unoccupied patches.  The discriminant functions vary according to 
the variables entered into each analysis.  The variables entered are 1. all variables recorded during 
sampling i.e. all plants, vegetation height and bare ground; 2. all the variables emerging as significant 
from the Mann-Whitney U tests; 3. only variables present in 10% or more of all quadrats and 4. only 
variables present in 20% or more of all quadrats. The number of patches correctly classified by each 
analysis is shown as a percentage; Wilks’ lambda shows the variance not explained by the analysis; df is 
the degrees of freedom; the P value gives the significance of the discriminant function. 
Sp
ec
ie
s 
Variables Entered (No) 
% patches 
correctly classified 
(cross-validated) 
Wilks’ 
λ 
df P 
1. All Variables  (199) 91.2 0.361 9 0.000
2. Variables significant in Mann Whitney U  (33) 78.4 0.509 4 0.000
3. Variables with > 10% frequency  (69) 85.3 0.420 7 0.000
P.
 ic
ar
us
 
4. Variables with > 20% frequency  (49) 85.3 0.415 7 0.000
1. All Variables  (199) 81.4 0.657 5 0.000
2. Variables significant in Mann Whitney U (22) 77.5 0.778 3 0.000
3. Variables with > 10% frequency  (69) 81.4 0.657 5 0.000
C.
 p
am
ph
ilu
s 
4. Variables with > 20% frequency  (49) 81.4 0.657 5 0.000
1. All Variables (199) 92.7 0.109 13 0.000
2. Variables significant in Mann Whitney U (29) 90.2 0.163 10 0.000
3. Variables with > 10% frequency   (72) 90.2 0.438 5 0.000
E.
 ta
ge
s  
4. Variables with > 20% frequency  (49) 97.2 0.510 5 0.000
1. All Variables  (199) 90.2 0.065 16 0.000
2. Variables significant in Mann Whitney U  (42) 91.5 0.213 11 0.000
3. Variables with > 10% frequency  (72) 86.6 0.721 3 0.000C.
 ru
bi
 
4. Variables with > 20% frequency  (49) 86.6 0.734 3 0.000
 
A sample of the structure matrices of the variables used by each analysis and the 
correlation coefficients is shown in Table 3.7, a-d.  Variables appear in the order in 
which they are entered into each stepwise analysis, starting with the most significant.  
The sign of the coefficient indicates the effect upon the presence of the butterfly 
(positive or negative) and the size of the coefficient shows the strength of that effect. 
For P. icarus, the three most significant variables for all four approaches are T. dubium, 
L. corniculatus and bare ground.  After this, the order of variables is different for each 
analysis, but includes T. pratense and a number of observed and documented nectar 
plants, for example, P. lanceolata, Centaurium erythraea, L. vulgare and T. repens.   
Vegetation height is negatively significant in the lists for DFA 2 and 4, occurring as 
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fourth most significant in the latter.  Other negative variables include Heracleum 
sphondylium and the grasses Arrhenatherum elatius, Deschampsia flexuosa, Alopecurus 
pratensis.  
For E. tages, L. vulgare is the most significant in DFA 2, 3 and 4, with Vicia spp. 
coming next in the last two lists.  Both plants were seen being used as nectar sources by 
E. tages.  Other significant observed nectar plants included Cerastium fontanum, C. 
erythraea and L. corniculatus.  Variables with a negative significance included rank 
grasses Phleum pratense and A. elatius but also a number of plants associated with 
damp and/or horse grazed land such as Rumex obtusifolius, Odontites vernus, Holcus 
mollis, Mentha aquatica and Dactylorhiza spp. (Grime et al., 1988). 
Leucanthemum vulgare and bare ground are the first two most significant variables in 
DFA 3 and 4 for C. rubi.  Other variables with a positive significance include Crataegus 
spp. and Ulex europeaus, the latter being documented as a larval food plant for this 
species, though it was not observed being used for egg-laying at any point during the 
study.  Vegetation height has a negative significance, as do rank grasses Agrostis 
stolonifera, Phleum pratense and Elymus repens.  L. corniculatus, documented as one 
of the possible larval food plants for C. rubi, appears as significant only in the first DFA 
and has a negative coefficient. 
The DFA for C. pamphilus produced identical results whether all the variables or only 
those present in 10% and 20% of patches or more were entered into the analysis.  Thus in 
all four structure matrices, F. ovina is the most significant variable, followed by F. rubra.  
Other grasses emerging as significant include Poa pratensis and Trisetum flavescens, both 
of which have negative coefficients.  Dactylis glomerata is a positive indicator in DFA 2 
but in the remaining matrices, has a negative coefficient.  Only two nectar sources are 
significant (C. erythraea and P. officinarum), whilst other potential nectar sources that 
one might expect to see as positive indicators such as Centaurea nigra, Cerastium 
semidecandrum and Ranunculus spp., have negative coefficients. 
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Table 3.7:  Discriminant function analysis structure matrix  
The structure matrix is the variables ranked in order of their significance to the Discriminant Function.  
The first 15 variables in this matrix are shown for each of the four Discriminant Functions.  “Coeff” is the 
correlation coefficient between the variable and the Discriminant Function. 
a.  P. icarus 
DFA 1 DFA 2 DFA 3 DFA 4 
Variable Coeff Variable Coeff Variable Coeff Variable Coeff
Trifolium dubium 0.407 Trifolium dubium 0.551 Trifolium dubium 0.461 Trifolium dubium 0.456
Lotus corniculatus  0.369 Lotus corniculatus 0.500 Lotus corniculatus 0.418 Lotus corniculatus 0.414
Bare ground 0.333 Bare ground 0.451 Bare ground 0.377 Bare ground 0.374
Sonchus 
oleraceus 
0.310 Trifolium 
pratense 
0.448 Cerastium 
fontanum 
0.354 Vegetation height -0.353
Plantago 
lanceolata 
0.254 Plantago 
lanceolata 
0.413 Taraxacum 
officinale 
0.341 Plantago 
lanceolata 
0.302
Dipsacus 
fullonum 
0.229 Cerastium 
fontanum 
0.373 Crepis capillaris 0.275 Arrhenatherum 
elatius 
-0.283
Trifolium repens 0.221 Crepis capillaris 0.333 Trifolium 
pratense 
0.247 Cerastium 
fontanum 
0.269
Sagina 
procumbens 
0.212 Centaurium 
erythraea 
0.314 Plantago 
lanceolata 
0.245 Cynosurus 
cristatus 
0.246
Bellis perennis 0.202 Taraxacum 
officinale 
0.291 Aira praecox 0.236 Trifolium 
pratense 
0.234
Melilotus 
officinalis 
0.201 Lolium perenne 0.259 Melilotus 
officinalis 
0.228 Heracleum 
sphondylium 
-0.226
 
b.  C. pamphilus 
DFA 1 DFA 2 DFA 3 DFA 4 
Variable Coeff Variable Coeff Variable Coeff Variable Coeff
Festuca ovina 0.438 Festuca ovina 0.299 Festuca ovina 0.438 Festuca ovina 0.438
Festuca rubra 0.348 Festuca rubra 0.280 Festuca rubra 0.348 Festuca rubra 0.348
Poa pratensis -0.303 Dactylis 
glomerata 
0.279 Poa pratensis -0.303 Poa pratensis -0.303
Plantago major -0.302 Pilosella 
officinarum 
0.199 Plantago major -0.302 Plantago major -0.302
Urtica dioica -0.291 Bare ground 0.186 Urtica dioica -0.291 Trisetum  
flavescens 
-0.268
Cerastium 
semidecandrum 
-0.276 Cirsium arvense 0.173 Cerastium 
semidecandrum 
-0.276 Dactylis 
glomerata 
-0.264
Trisetum  
flavescens 
-0.268 Lolium perenne 0.172 Trisetum  
flavescens 
-0.268 Bare ground 0.259
Dactylorhiza 
spp. 
-0.264 Odontites vernus 0.165 Dactylorhiza spp. -0.264 Arrhenatherum 
elatius 
-0.244
Dactylis 
glomerata 
-0.264 Deschampsia 
flexuosa 
0.158 Dactylis 
glomerata 
-0.264 Heracleum 
sphondylium 
-0.244
Bare ground 0.259 Alopecurus 
pratensis 
0.151 Bare ground 0.259 Centaurea nigra -0.239
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(cont’d) 
c.  E. tages 
DFA 1 DFA 2 DFA 3 DFA 4 
Variable Coeff Variable Coeff Variable Coeff Variable Coeff
Centaurium 
erythraea 
0.317 Leucanthemum 
vulgare 
0.299 Leucanthemum 
vulgare 
0.436 Leucanthemum 
vulgare 
0.448
Ranunculus acris 0.226 Potentilla erecta 0.280 Vicia spp. 0.392 Vicia spp. 0.403
Stellaria 
graminea 
-0.219 Bare ground 0.279 Cerastium 
fontanum 
0.349 Centaurium 
erythraea 
0.355
Trifolium 
medium 
0.206 Pimpinella 
saxifraga  
0.199 Centaurium 
erythraea 
0.345 Festuca rubra 0.300
Tussilago farfara 0.206 Rhinanthus minor 0.186 Festuca rubra 0.287 Rumex obtusifolius -0.242
Carex disticha 0.200 Centaurium 
erythraea 
0.173 Achillea 
millefolium 
0.273 Potentilla reptans 0.237
Conopodium 
majus 
0.200 Lathyrus nissolia 0.172 Phleum pratense -0.257 Centaurea nigra 0.237
Cerastium 
fontanum 
0.189 Ranunculus 
bulbosus 
0.165 Anthoxanthum 
odoratum 
-0.250 Crataegus spp. 0.224
Geranium 
dissectum 
0.189 Linaria purpurea 0.158 Lotus corniculatus 0.246 Lotus corniculatus 0.224
Festuca gigantea 0.186 Centaurea 
scabiosa 
0.151 Centaurea nigra 0.246 Trifolium repens -0.218
 
d.  C. rubi  
DFA 1 DFA 2 DFA 3 DFA 4 
Variable Coeff Variable Coeff Variable Coeff Variable Coeff
Bromus sterilis 0.297 Melilotus 
officinalis 
0.242 Leucanthemum 
vulgare 
0.597 Leucanthemum 
vulgare 
0.617
Agrostis 
stolonifera 
-0.254 Pilosella 
officinarum 
0.215 Bare ground 0.435 Bare ground 0.313
Plantago major 0.249 Tragopogon 
pratensis 
0.211 Vulpia bromoides 0.426 Phleum pratense -0.264
Tripleurospermum 
inodorum 
0.247 Trifolium 
campestre 
-0.200 Phleum pratense -0.421 Equisetum arvense 0.255
Aster novi-belgii -0.245 Leucanthemum 
vulgare 
0.193 Vegetation height -0.334 Trifolium pratense 0.224
Sisyrinchium 
bermudiana 
-0.245 Ranunculus spp. 0.191 Rumex acetosa -0.283 Crataegus spp. 0.214
Artemisia 
absinthium 
0.235 Trifolium arvense 0.177 Anthoxanthum 
odoratum 
-0.271 Vegetation height -0.203
Lotus 
corniculatus  
-0.217 Catapodium 
rigidum 
0.176 Achillea 
millefolium 
0.248 Heracleum 
sphondylium 
-0.201
Potentilla 
reptans 
0.205 Trifolium spp. 0.164 Ranunculus 
repens 
-0.241 Elymus repens -0.197
Crepis capillaris 0.202 Ulex europaeus 0.157 Eriophorum 
angustifolium 
0.231 Agrostis capillaris -0.190
 
87 
CHAPTER 3: DETERMINING HABITAT REQUIREMENTS 
3.3.2 Patch Attribute Assessment   
Of the attributes recorded for each patch3, Mann Whitney U tests and discriminant 
function analysis revealed bare ground and openness of sward to be significant for P. 
icarus and C. pamphilus and shelter of patch for C. pamphilus (P < 0.05).  In addition, the 
presence of larval food plants (i.e. T. dubium and L. corniculatus for P. icarus and F. 
ovina for C. pamphilus) was also significant for both butterflies (P< 0.005).  Openness of 
sward and the presence of bare ground were significant for E. tages, and C. rubi 
respectively, whilst a lack of management was significant for both species (Table 3.8).   
 
Table 3.8: Patch Attribute Assessment  
Table 3.8
This table presents summary statistics of patch attributes which are significantly different in occupied and 
unoccupied patches.  For each attribute, this table shows the Z statistic from the Mann Whitney U test and 
the associated P value.  Significant variables are marked in bold 
Butterfly P. icarus C. pamphilus E. tages C. rubi 
Variable Z 
statistic
P-value Z 
statistic
P value Z 
statistic
P value Z 
statistic
P value
Larval food plants -4.968 0.000 -3.476 0.001 -1.433 0.152 -1.078 0.281 
Nectar sources 0.000 1.000 -0.238 0.812 -1.617 0.106 -0.860 0.390 
Bare ground -3.482 0.000 -2.782 0.005 -1.370 0.171 -2.156 0.031 
Openness of sward -4.339 0.000 -2.420 0.016 -2.557 0.011 -1.841 0.066 
Drainage -0.315 0.753 -0.911 0.362 -0.583 0.560 0.000 1.000 
Grazing 0.000 1.000 0.000 1.000 0.000 1.000 0.000 1.000 
Mowing -1.107 0.268 -0.072 0.943 -1.109 0.267 -1.665 0.096 
Management -0.504 0.614 -0.245 0.807 -0.193 0.847 -0.833 0.405 
No Management -1.599 0.110 -0.604 0.546 -2.784 0.005 -3.413 0.001 
Shelter -1.338 0.181 -2.885 0.004 -1.604 0.109 -0.277 0.782 
 
When these significant variables and the butterflies' larval food plants were entered into 
a backward conditional binary logistic regression, larval food plant and sward height 
were significant for P. icarus, lack of management for C. rubi, and F. ovina and shelter 
for C. pamphilus.  As shown by the beta coefficient for each variable, all associations 
were positive with the exception of shelter, which is negative (P <0.000).  No variables 
                                                          
3 10 attributes were recorded in the field as shown in Ta .  All patches sampled were found to have 
a varied turf height and therefore this was omitted from the analysis.  A further attribute, management 
was devised from the scores for grazing, mowing and lack of management, was included in the analysis 
( ). 
ble 3.1
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remained significant for E. tages (Table 3.9).  For all four butterflies in both datasets, 
the percentage of patches correctly classified by logistic regression analysis accounts for 
more than 75% of the distribution. 
 
Table 3.9: Patch occupancy versus Patch Attribute Assessment  
This table summarises the ability of the patch attributes to classify the differences between occupied and 
unoccupied patches.  From left to right, the columns show the percentage of patches correctly classified, 
the model Chi-squared statistic, the degrees of freedom, the P value and the log likelihood value. The Cox 
and Snell and Nagelkerke R-squared statistics give conservative and liberal estimates respectively, of the 
variance explained by the model.  For the variables used in the analysis, the significance of each to the 
model (P value), the coefficient and the standard error in the coefficient are shown. 
R Square Variables used in analysis 
Butterfly 
%  
correctly 
classified 
Model 
X2 
df P 
-2
 L
og
 
L
ik
el
ih
oo
d 
C
ox
 &
 S
ne
ll 
N
ag
el
ke
rk
e Variable 
(significant 
shown in 
bold) 
P Beta 
(SE) 
Larval food 
plants 
0.000 2.893 
(0.825)
P. icarus 
  
76.5 
  
37.68
  
2 
  
0.000
  
97.02
  
0.309
  
0.421
  
Openness of 
sward 
0.001 0.902 
(0.267)
F. ovina  0.001 1.583 
(0.496)
C. pamphilus 77.5 
  
19.27
 
2 
  
0.000
 
106.01
 
0.172
 
0.243
 
Shelter 0.010 -0.639 
(0.250)
E. tages 85.0 10.22 2 0.006 27.99 0.212 0.359 Lack of 
Management 
0.065 3.927 
(2.132)
           Openness of 
sward 
0.870 7.479 
(45.720)
C. rubi 86.0 9.524 1 0.002 34.60 0.199 0.310 Lack of 
Management 
0.007 6.547 
(2.433)
 
3.4 DISCUSSION   
3.4.1 Detailed Vegetation Quadrat Sampling  
3.4.1.1 P. icarus and C. pamphilus 
Plants commonly understood to be the main larval food plants of P. icarus and C. 
pamphilus are the most significant positive variables in the Mann Whitney U tests and 
the DFAs for both the Sub- and Full-Datasets.  This suggests that in common with many 
other invertebrates, juvenile preferences take precedence over adult requirements in 
influencing distributions of both P. icarus and C. pamphilus (Clarke, et al., 1997; 
Thomas et al., 2001).   
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The emergence of T. dubium as the most significant variable for P. icarus suggests that 
in the West Midlands, it is preferred to L. corniculatus.   Dennis (1985) made similar 
suggestions following observations of oviposition by P. icarus females during a study in 
Cheshire.  During the three field seasons of this West Midland study, P. icarus females 
were observed laying eggs upon T. dubium, L. corniculatus and T. pratense, and all 
three species were present in more than 68% and 21% of occupied and unoccupied 
patches respectively.  All three plants were apparently absent from 2 of the occupied 
patches, (compared to 11 of the unoccupied patches).  One of these patches was in close 
proximity (just over 150m, linked by an area of coarser, longer grass with fewer 
flowers) to another in which larval food plants were present.  However, at the other 
patch, P. icarus was seen laying eggs on Calluna vulgaris which is not generally 
recognised as a larval food plant of this butterfly.   There is no guarantee that 
oviposition by females is always accurate and Dennis (1984) observed oviposition by P. 
icarus females on non-larval foodplant substrates including species of Plantago and 
Geranium and grasses.  Apparent changes in larval food plant choice such as these 
illustrate the butterflies’ ability to utilise a complex and sometimes surprising mixture 
of plants, and further demonstrates that quality is not easy to assess.  T. dubium, L. 
corniculatus, T. pratense, T. repens and C. vulgaris were amongst those plants seen 
being used as nectar sources by P. icarus adults (Table 3.5).  
F. ovina emerges as a highly significant positive predictor for C. pamphilus in the Mann 
Whitney U tests and all four DFA structure matrices in both datasets (Table 3.1, Table 
3.7 and Table 2, Appendix).  However, of the 31 patches occupied by C. pamphilus, this 
frequently cited principal larval food plant was apparently absent from 7, which concurs 
with suggestions that it is not the sole larval food plant of this butterfly (e.g. BUTT, 
1986; Thomas, 1986; León-Cortés et al., 1999; Lewington, 1999; Asher et al., 2001). 
As suggested in the literature (e.g. Cowley et al., 2001), F. rubra may be a possible 
alternative as it was also significant particularly in the DFA structure matrices and was 
present in 100% of occupied and 83% of unoccupied patches.  Other grass species 
generally reported as being associated with C. pamphilus, namely Poa spp. and Agrostis 
spp., (e.g. Thomas, 1986; Lewington, 1999; Asher et al., 2001) were also significant but 
not as consistently so, and as noted earlier, in some instances had negative coefficients 
when entered into DFA in combination with other variables, though this does not 
preclude the possibility of these species being utilised as larval food plants.   
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A number of plants species appear as significant predictors for C. pamphilus which are 
not documented as having any particular relationship with this butterfly and were not 
seen being used in any way during the study.  For example Luzula campestris, common 
in grassland areas (Phillips, 1980), particularly wet and/or acidic, peaty areas (Fitter & 
Fitter, 1984), was present in 7 of the 36 patches occupied by C. pamphilus (as compared 
to only one apparently unoccupied patch), all of which are characterised by at least 
some areas of damper, coarser grasses and/or acidic soils.  Festuca gigantea and 
Deschampsia flexuosa are indicative of unmanaged areas within occupied patches.  T. 
flavescens has a negative significance in DFA 1, 3 and 4, which is perhaps surprising 
given that this finer grass is sometimes associated with patches occupied by C. 
pamphilus (pers. obs., A. Loram, 2003).  However, it is worth noting that the structure 
matrices represent the combination of variables that are significant rather than the 
individual variables.  T. flavescens is not significant in any of the Mann Whitney U tests 
and was present in a similar number of occupied and unoccupied (31% and 25% 
respectively).   Similar observations can be made with respect to C. nigra, C. 
semidecandrum and Ranunculus spp., potential nectar sources for C. pamphilus, which 
also have negative coefficients in the DFA structure matrices (section 3.3.1). 
Using larval food plants to predict the distribution of P. icarus and C. pamphilus 
The decision not to attempt to use the distribution of larval food plants to predict the 
location of P. icarus and C. pamphilus colonies in the West Midlands as discussed in 
Chapter 2 was supported by the results of the detailed sampling.  This shows that of the 
64 patches not occupied by P. icarus, T. dubium was present in almost 29%, each L. 
corniculatus and T. pratense, in more than 50%.  Similarly, F. ovina was present in 
23% of patches not occupied by C. pamphilus.  Clearly the availability of larval food 
plants alone is not the only factor influencing the distribution of either species and 
cannot therefore be used to define habitat requirements or as a measure of habitat 
quality without reference to other factors that may contribute to the presence/absence 
(e.g. nectar sources, vegetation height, bare ground etc).  
Thus in addition to larval food plants, other variables which emerged as significant in 
the Mann Whitney U tests included plants cited in the literature (e.g. BUTT, 1986; 
Thomas, 1986; Lewington, 1999; Asher et al., 2001) and observed during this study as 
nectar plants for P. icarus and C. pamphilus (section 3.3.1, and Table 3.5).  A number 
of these remaining significant variables, both positive and negative, formed part of the 
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vegetation structure typically found in occupied and unoccupied patches (e.g. P. 
lanceolata, Cerastium fontanum, Senecio jacobaea and Potentilla reptans for P. icarus 
and Luzula campestris, Deschampsia flexuosa, F. gigantea and Pilosella officinarum for 
C. pamphilus (Table 3.4 and Table 3.7).  Of the negative predictors for P. icarus, 
Heracleum sphondylium can be associated with damp, wooded areas and Phleum 
pratense and Dactylis glomerata with rank grassland habitats in which one would not 
normally expect to find this butterfly.  Similarly, a number of rank or coarser grasses 
have negative coefficients in the DFA structure matrices for C. pamphilus including A. 
elatius and D. glomerata (Table 3.7).   
Both vegetation height and bare ground appear on the list of significant variables for 
each P. icarus and C. pamphilus.  Vegetation height has a negative coefficient for both 
species but this is due to the fact that the mean height is greater for unoccupied than for 
occupied patches, which is what one would expect given that these species prefer 
grassland with a short, sparse sward.  The results of the Mann Whitney U tests show 
that the mean vegetation height and the range of heights in patches occupied by P. 
icarus is slightly greater than those occupied by C. pamphilus, but that the frequency 
and significance of bare ground is lower (Table 3.4 and Table 3.7).  This suggests that 
P. icarus is able to tolerate slightly longer grass than C. pamphilus and is possibly less 
dependent upon the presence of bare ground.  Indeed P. icarus is thought to thrive in 
areas with a range of grass heights (e.g. BUTT4, 1986; Asher et al., 2001), preferentially 
laying its eggs on plants with young, dense growth (Dennis, 1984; Dennis 1985) but 
roosting and mating on the stems and flower heads of longer grasses such as Dactylis 
glomerata (Asher et al., 2001; Lewington, 1999; BUTT, 1986; Thomas, 1986).  Neither 
P. icarus nor C. pamphilus were found in areas of either regularly mown amenity 
grassland with a short, even turf height or, in areas of rank grass.  Some plant species 
might have utility value as well as value as being food sources.  The relatively high 
position of bare ground in the list of significant variables is not surprising since the 
main larval food plants of both species readily colonise areas of bare ground and/or 
disturbed ground (pers obs., A. Loram).  Observations during this study of C. pamphilus 
resting on areas of bare ground with its wings closed and oriented towards the sun were 
consistent with those of previous authors (e.g. Thomas, 1986). 
                                                          
4  BUTT (1986) reports preferred grass heights as ranging from 0.5 to 15cm for P. icarus but only 1.5 to 
5cm for C. pamphilus though in both cases, greater heights may be tolerated where vegetation is sparse. 
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3.4.1.2 E. tages and C. rubi 
Whilst the most significant variables to emerge from the Mann Whitney U tests and 
DFAs for both Datasets for P. icarus and C. pamphilus include the main larval food 
plants of those species, the same cannot be said for E. tages and C. rubi.  Nevertheless, 
variables which appear near to the top of all four DFA structure matrices for E. tages 
are indicative of early successional habitat in which this species was found i.e. largely 
bare areas, sparsely vegetated with early colonising plants (e.g. L. vulgare, Vicia spp., 
Centaurium erythraea, Hypochaeris radicata, Tragopogon pratensis, Linaria purpurea 
and Daucus carota).  None of the significant variables are known to be larval food 
plants though L. vulgare and Vicia spp. are among those upon which E. tages was seen 
nectaring (Table 3.5).  The prominence of bare ground as a significant variable, is 
possibly due to a requirement for a warm microclimate, since E. tages flies in the late 
spring/early summer when temperatures can be low and, as suggested by (Gutiérrez et 
al., 1999), may limit activity.  Indeed, the most frequently observed activity for this 
butterfly during this study was basking with open wings on bare ground or, on low 
growing plants with few leaves on bare ground. 
A similar picture may be portrayed for C. rubi also found in early successional 
grassland.  This butterfly was often located near the perimeter of patches and other areas 
where there were small trees and shrubs such as Betula, Salix, Crataegus and Ulex spp.  
Significant variables included Ulex europaeas, a documented (though not observed) 
larval food plant and Crataegus spp., upon which C. rubi was seen perching.  At many 
of the sites visited, these and other trees and shrubs were relatively few and far between 
and often stunted, presumably due to the poor soils and/or toxins found at former 
industrial sites.  As with P. icarus and C. pamphilus, negative variables for both E. 
tages and C. rubi consist mainly of the more coarse, rank grasses and/or species which 
are likely to occur in damp areas. 
3.4.1.3 Reliability of Results 
As already noted, the results between the two datasets for P. icarus and C. pamphilus 
are relatively consistent, certainly in terms of the repeated significance of a number of 
variables in both the Mann Whitney U tests and DFA, including known larval and adult 
food plants.  However, the results are not so consistent for E. tages and C. rubi. This 
may well be due to the small sample of occupied compared to unoccupied patches and 
the fact that both species were only observed in very low numbers and in small areas of 
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the sometimes larger, apparently suitable areas sampled. 
All the species in this study are capable of surviving on small patches of habitat 
(Warren, 1992) but E. tages and C. rubi in particular are noted for their tendency to 
form small colonies (Asher et al., 2001; BUTT, 1986).  Consequently, the results are 
associated with a high degree of uncertainty with regard to identifying the plants used in 
this study and therefore, determining the habitat requirements of these two butterflies.  
Furthermore, the results of the analyses could not be supported by observations, again 
partly due to the small number of individuals seen in what were comparatively short 
flight seasons.  Nectaring and in particular, egg-laying were witnessed on only a handful 
of occasions.  
Overall, the results of the discriminant function analyses are more consistent in terms of 
the variables that are significant and the order and influence of that significance for Full 
Dataset than for the Sub-Dataset (see Appendix), particularly for P. icarus and C. 
pamphilus.  This is almost certainly due to the larger sample size of the full Dataset 
compared to the partial the Sub-Dataset and, to the fact that the proportion of occupied 
sites is far greater for these butterflies than for either E. tages or C. rubi. 
3.4.2 Patch Attribute Assessment 
The significance of bare ground and an open sward for three out of the four study 
species further support their preference for short grassland with a sparse open sward and 
the plant species which colonise this type of habitat.   
The negative significance of shelter for C. pamphilus is the opposite of what one might 
expect given that the majority of butterflies favour sheltered sites where ambient 
temperatures are generally higher than at exposed sites and wind speeds lower (Dennis 
& Eales, 1997).  It may be that C. pamphilus can tolerate more exposed situations than 
other grassland butterflies.  Indeed, it can frequently be found on heathland and breeds 
at higher altitudes than many species (Asher et al., 2001).  
Similarly, one might expect a lack of management to have a negative rather than a 
positive significance for C. rubi.  However a number of patches at which this butterfly 
was found were on abandoned industrial sites where colonisation of plants may be slow 
due to thin, poor and possibly polluted soils.  Under these circumstances, management 
would hardly be necessary to maintain suitable conditions either for C. rubi or any of 
the other butterflies in this study.   
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3.5 CONCLUSION 
This chapter has shown that habitat quality is a key factor in the distribution of P. 
icarus, C. pamphilus, E. tages and C. rubi.  The high percentages of patches correctly 
classified by each of the Discriminant Function Analyses, together with the results of 
the Patch Attribute Assessment suggest that vegetation and vegetation structure, is a key 
factor in determining residency of all four butterflies.  This is particularly the true for P. 
icarus and C. pamphilus. 
The results confirm larval food plants as the most important factor in determining 
presence or absence of P. icarus and C. pamphilus but suggest also that a complex of 
other factors is required including nectar sources, bare ground and vegetation within a 
certain range of heights.  These findings concur with already published literature 
regarding the habitat requirements of these butterflies (e.g. BUTT, 1986; Thomas, 1986; 
Asher et al., 2001).  It does seem, however, that at any one patch, all four butterflies are 
capable of utilising a selection of plants taken from a longer list of potential larval and 
adult food sources.  Although all of the butterflies in the study were found in a variety 
of habitats, none appeared to be present in areas of amenity grassland or areas where the 
grass is long and/or dense. 
There is much still to be revealed by a study such as this; as well as the larval food 
plants used by E. tages and C. rubi in this region, it was not possible to draw any 
conclusions about roosting or resting sites and behaviour for any of the butterflies, 
though less is known about these aspects of the butterflies' behaviour (Dennis et al., 
2003).  Dennis et al. (2003) advocate a resource-based habitat model for butteflies, 
which involves dividing habitat up into different resources for different life stages.  
However, determining the requirements for each of these stages would require a more 
detailed study of a species at one or two sites.  The aim of the fieldwork in this study 
was to assess the role of habitat quality in the distribution of butterflies.  This required 
as many different sites as possible across the study area to be sampled.   
The complexity of results justifies the effort made to understand the requirements of the 
study species in the West Midlands conurbation rather than to make a simplistic 
assessment of habitat quality based on the assumption that the information is available 
in the literature.  The next step is to use the information gathered during this part of the 
study to produce a single number, i.e. an index that quantifies the quality of a patch of 
grassland.  This is the subject of the next chapter. (Dennis, 1993) 
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CHAPTER 4:  DEVISING A HABITAT QUALITY INDEX 
4.1 INTRODUCTION  
There exists a variety of definitions of habitat (see Dennis et al., 2003).  Habitat quality 
however, has proved difficult to quantify in the field (Moilanen & Hanski, 2001).  
Summerville and Crist (2004) attribute this in part to the fact that for many species, 
quality is quantified according to human perception.  Nevertheless, quality may be 
measured according to pre-determined criteria such as those used to classify vegetation 
communities for the National Vegetation Classification Survey (JNCC, 1990) or by 
English Nature to assess grasslands (Robertson & Jefferson, 2000).  Alternatively, 
habitat quality may be quantified according to the habitat preferences of the organism of 
interest as in studies of a number of butterfly species including Euphydryas editha 
bayensis (Harrison et al., 1988; Harrison, 1989), Maculinia rebeli (Clarke et al., 1997), 
Plebejus argus, (Thomas et al., 2002) and Aricia artaxerxes, (Ellis, 2003).  However, of 
particular relevance to this project are the methods used in research comparing the 
quality of habitat patches with their size and isolation (Dennis & Eales, 1997; Thomas 
et al., 2001; Fleishman et al., 2002; Anthes et al., 2003). 
In Northumberland, Dennis and Eales (1997) assessed sites occupied by Coenonympha 
tullia using binary scores for 23 attributes considered likely to enhance or reduce the 
quality of 166 sites for this species.  Positive features included for example, the 
presence of its larval food plant Eriophorum vaginatum, the nectar plant Erica tetralix, 
the growth conditions and forms of both species and overlap of areas.  Environmental 
conditions and management features were also included, such as the shelter of the site 
and the density of grazing or level of burning.  Habitat quality indices were devised by 
summing positive and negatives scores of these factors, and variables with significant 
influence upon the distribution of C. tullia were identified using discriminant function 
analysis and Logistic Regression.  A more subjective assessment of quality was also 
carried out according to the condition of patches.  Similar criteria and methods were 
used by Fleishman et al., (2002) to assess the quality of 39 patches suitable for Speyeria 
nokomis apacheana in Nevada, U.S.A.   
Thomas et al., (2001), define habitat quality for Melitaea cinxia, Polyommatus 
bellargus and Thymelicus acteon according to the highly specific preferences of egg-
laying females or the distribution of larvae.  More specifically, the distribution and 
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density of M. cinxia is correlated with five growth stages of its larval foodplant 
Plantago lanceolata, in a small number of early seral grassland sites.  Habitat indices 
are constructed by multiplying the frequency of five leaf sizes by the likelihood of 
larvae being located on that particular leaf size.  Similarly, quality indices are 
constructed for P. bellargus and T. acteon using the growing conditions of larval 
foodplants Hippocrepis comosa and Brachypodium pinnatum respectively.  A small 
number of patches are studied in detail and then the habitat quality indices derived from 
the data collected, applied to a much larger number of sites (267 each containing 50 
quadrat samples). 
Anthes et al., (2003) quantify the quality of habitat for Euphydryas aurinia in Germany 
as the density if its larval hostplants Succisa pratensis and Gentiana asclepiadea. 
The subjects of these four studies are specialist species with very particular 
requirements so habitat quality can be quantified in terms of specific requirements such 
as larval food plant and, to a lesser extent, nectar source availability and the conditions 
in which these are found.  As already discussed in Chapters 1 and 2, this type of 
approach is more difficult to apply to commoner species simply because they often have 
broader requirements, the precise details of which may not be fully understood.  This is 
certainly the case for the species in this West Midlands study.  Polyommatus icarus, 
Coenonympha pamphilus, Erynnis tages and Callophrys rubi are all documented as 
utilising a variety of larval food plants and nectar sources and can tolerate a wide range 
of conditions.   
Pywell et al., (2004) used a much broader approach to measure the quality of 
intensively managed arable farmland for 11 common butterfly species.  The number of 
butterfly species at 10 sites was counted and related to a variety of environmental 
variables such as insolation and shelter, plant species richness and the cover of larval 
and nectar sources.  Though focussing upon common species, this approach used 
generalised principles for rapid assessment of habitat for a number, rather than one or 
two species.  Indeed the authors found it to be less reliable when applied to individual 
species.   
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4.2 AIMS AND OBJECTIVES 
Chapter 3 addressed the problem of ascertaining which parameters must be quantified in 
order to assess habitat quality for P. icarus, C. pamphilus, E. tages and C. rubi.  The 
next question is how best to use the information obtained to quantify habitat quality.  
Essentially, this involves determining a means of assigning a number to a patch of 
grassland that represents the quality of that patch for the species in question.  Three 
methods of measuring habitat quality were developed and the abilities of each to predict 
the presence/absence of the target species at a number of sites in the West Midlands 
Conurbation, examined. 
The issues considered in relation to these methods include:- 
i. how to construct a quantitative scale of quality and whether this can be 
simplified; 
ii. the reliability of each method i.e. whether it is consistent between two datasets, 
with the other quality scales, and/or with differing sample sizes; 
iii. the accuracy of each method i.e. does it relate to where the butterflies were 
actually found;  
iv. practicality, ease and rapidity of use; 
v. sensitivity e.g. how many grades does it have? 
4.3 METHODS 
4.3.1 Fieldwork 
Sites containing patches of habitat potentially suitable for each target species were 
located using local maps and records, searched under conditions suitable for butterfly 
activity and, if necessary revisited on several occasions as described fully in Chapter 3.  
Adult behaviour was observed to confirm residency and the boundaries of patches 
identified on the basis of clear changes in vegetation.   
In the following sections, three methods of measuring habitat quality are described. 
4.3.1.1 Detailed Vegetation Quadrat Sampling 
Quadrats (1m × 1m) were placed at regular predetermined intervals along a zig-zag 
patterned walk across the entire area of the patch in order to sample the vegetation.  The 
plants within each quadrat were recorded, the presence/absence of bare ground noted 
and the mean vegetation height measured to the nearest 0.5cm using a 20cm drop disc 
(BUTT, 1986; Stewart et al., 2001).  
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4.3.1.2 Patch Attribute Assessment  
Chapter 3 described how each patch was assessed as a whole by recording the presence 
or absence of key plants (i.e. larval and nectar plants) and other positive and negative 
features that were considered to increase or decrease the likelihood that one or more of 
the study species would be present. Variables were either scored 1 or 0 if an attribute 
considered to be positive in its effect (e.g. larval foodplant or varied sward heights) was 
present or absent respectively, or 1 or -1 if a feature considered likely to have a 
distinctly positive or negative effect (e.g. open versus closed sward, presence of dry or 
wet ground) was present (Table 3.1). 
 
Table 4.1: Criteria used to give patches a visual quality score 
Score Criteria 
0 Extremely poor 
quality 
Unlikely to support 
target species 
• Lacks larval foodplants and/or nectar sources 
• Little or no bare ground  
• Closed sward with mainly rank, long and/or dense grass and/or patch 
shaded by scrub or trees. 
1 Poor quality 
Could support target 
species 
• Some larval foodplants and nectar sources present  
• Some bare ground present 
• Grass becoming rank, long and/or dense  
• Site possibly encroached by scrub/trees  
2 Intermediate quality 
Suitable for target 
species 
• Part of site supporting larval foodplants and nectar sources  
• Some bare ground present 
• Some sunny areas where sward is open and relatively short  
3 High quality 
Highly suitable for 
target species 
• Larval foodplants & nectar sources plants present in majority of patch.  
• Bare ground present in more than 30% of patch 
• Dominated by sunny areas with open sward and mainly short, fine grasses. 
(<10cm)   
 
Larval foodplants 
P. icarus: Lotus corniculatus, Trifolium dubium, Trifolium pratense, Trifolium repens, Medicago lupulina, 
Ononis spp. 
C. pamphilus: Festuca ovina, Festuca rubra 
E. tages: Lotus corniculatus, (Hippocrepis comosa) 
C. rubi: Lotus corniculatus, Helianthemum nummularium, Ulex europaeus, Cytisus scoparius, Genista 
tinctoria 
Nectar sources 
P. icarus: Larval foodplants listed above and Vicia spp., Centaurea spp. and Senecio spp 
C. pamphilus: Thymus spp., Ranunculus spp., Hieracium spp., Origanum vulgare, Eupatorium 
cannabinum 
E. tages: Hippocrepis comosa, Ranunculus spp and Hieracium spp 
C. rubi: Larval foodplants listed above 
Fine grasses 
Festuca ovina, (F. rubra, Agrostis spp., Poa spp.) 
Coarse grasses associated with rank/unmanaged area 
Arrhenatherum elatius, Dactylis glomerata, Elymus repens, Lolium perenne, Phleum pretense, (Holcus 
spp.) 
NB: Bracketed grasses can also be associated with both short grassland areas and unmanaged areas. 
103 
CHAPTER 4: DEVISING A HABITAT QUALITY INDEX 
4.3.1.3 Visual Assessment  
Once the Detailed Sampling and Patch Attribute assessments had been completed, 
patches were also given an overall quality score based on a Visual Assessment.  This 
was in turn based on a set of criteria ( ) devised initially using information 
gathered during visits to a number of sites prior to the start of the project (summer 
2000).  During these preliminary visits, conditions at patches occupied and apparently 
unoccupied by the target species were noted and, where appropriate, the behaviour and 
location of the butterflies observed in order to gather information about discriminating 
features.  Subsequently, patches were scored independently of whether the target 
species were present or absent.  Where the conditions of patches fell between those 
listed for each integer score, half scores were used.  Dennis and Eales (1997) use a 
similar subjective assessment for their study of C. tullia patches. 
Table 4.1
4.3.2 Calculation of Indices 
For the reasons detailed in Chapter 2, data from 2001 and 2002 (Sub-Dataset) and from 
2001 to 2003 (Full-Dataset) were treated separately wherever possible.  Again, the 
results for both are relatively consistent and therefore the remainder of this chapter is 
concerned for the most part with the Full-Dataset.  Full sets of results for both datasets 
are shown in the Appendix. 
4.3.2.1 Detailed sampling data 
a. Theory 
The following assumptions were made 
Assumption 1:  Habitat quality can be inferred from the location and abundance of 
butterflies (Pywell et al., 2004).   
Ultimately all methods of assessing quality must operate on this principle at some 
level.  Thus patches in which the butterflies were resident were assumed to be of 
higher quality than those from which the butterflies were absent.  Similarly, 
patches in which the butterflies were present in high numbers would be assumed 
to be of higher quality than those in which they were present only in very low 
numbers. 
Assumption 2: If independent habitat variables are measured, there is a genuine 
difference between areas in which the butterflies are present and those in which 
they are absent.   
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If a large number of habitat variables are recorded, then the differences in habitat 
variables between one or more patches are complex.  What is required is a single 
mathematical function or variable that summarises all the differences between the 
occupied and unoccupied patches.  Two methods which meet this requirement are 
discriminant function analysis (DFA) and binary logistic regression (BLR).  
Essentially, both methods reduce a large number of variables to a single, simple 
canonical variable that summarises the difference between occupied and 
unoccupied habitat.  Both methods produce in order of significance, a list of the 
variables used in the calculation of the single variable.  
The single variable produced by DFA or BLR is not a complete explanation of the 
occupancy of a patch; it provides only a partial account.  However, if it draws on 
information for a large number of occupied and unoccupied patches, this variable 
provides an average summary of the differences in habitat between occupied and 
unoccupied patches. It may well be that some patches are low in quality but 
nevertheless occupied for some other reason.  Equally there may be patches that 
are high in quality but unoccupied.  As with any regression analysis, it is assumed 
that on average other factors responsible for the unexplained variance in 
occupation, cancel out.  
The single variable produced by DFA or BLR effectively has two levels.  It 
summarises the suitable and unsuitable habitat at occupied and unoccupied 
patches respectively and discriminates between the two. 
Assumption 3: If habitat variables progress continuously from their mean values in 
occupied patches to their mean values in unoccupied patches, then a scale may be 
constructed for this single habitat variable ranging from suitable to unsuitable.   
DFA is a linear model whilst BLR is a non-linear model which fits an S-shaped 
curve.  Both have scales serving as measures of habitat quality which range from 
suitable to unsuitable. 
Initial tests showed that DFA and BLR produced almost identical results i.e. the plants 
chosen as discriminators, the order of significance in which they appeared and the 
number of patches correctly classified, were the same.  In this analysis, DFA was 
chosen rather than BLR because it builds on the analysis used in Chapter 3 and because 
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it calculates changes in quality from linear changes in plant frequency, which makes the 
interpretation of the quality scale easier to understand and compare with other indices. 
Thus DFA uses the following equation to summarise the differences in habitat  
Y = f0 + f1X1 + f2X2 + f3X3 ............. fnXn  
(where Y is the discriminant score, X is the variable value, f0 is the constant and fn is the 
function coefficient for the nth variable). 
The Discriminant Score is interpreted as a habitat quality index which formally can be 
defined as “that variation in habitat between occupied and unoccupied patches which 
accounts for the difference in occupancy”.  The variation in occupancy that is not 
attributable to habitat variables is not defined as habitat quality.  Therefore, habitat 
quality is not synonymous with patch occupancy. 
b. Procedure for calculating Detailed Sampling Indices  
In order to identify significant differences between patches in which the butterflies were 
present or absent, all variables recorded in the Detailed Sampling Assessments for each 
species were entered into DFA as set out in Chapter 3.  That is, variables were either all 
entered into the analysis (DFA 1) or restricted to those significant in a Mann Whitney U 
test or present in 10% and 20% of patches (DFA 2, 3 and 4, respectively).  The 
unstandardised canonical coefficients from the list of significant variables produced by 
each DFA were used to calculate a Discriminant Score i.e. a quality score for each patch 
(Detailed Sampling Assessment Index).  The quality scores for each patch constituted a 
quality index, each of which was tested against the presence/absence of the target 
species at each patch using BLR.  The results for each were then compared.   
DFA 4, which uses only variables in 20% or more of patches, was found to give the 
most consistent results for each species within and between the two datasets.  It also 
produced the shortest and most ecologically relevant lists of variables which were 
therefore, the most appropriate to use as measures of quality.  Hence, this is the Index 
which will be discussed from this point forward both when comparing the Detailed 
Sampling Assessments with the other indices constructed in this chapter and, in 
subsequent comparisons of habitat quality with patch size and isolation (Chapter 6). 
106 
CHAPTER 4: DEVISING A HABITAT QUALITY INDEX 
4.3.2.2 Patch Attribute Assessment  
As for the Detailed Sampling Assessments, Mann Whitney U tests were used to find the 
attributes which individually showed significant differences between occupied and 
unoccupied patches (Chapter 3, section 3.2.2).  Discriminant function analysis was used 
to find the combination of variables showing significant differences (backwards 
stepwise BLR was also used as a method of checking the results of the DFA).  The 
significant attributes were then used to calculate a quality score for each patch.  That is, 
each attribute was given a score as described in section 4.3.1.2 and these scores were 
summed to give an overall score for each patch (Patch Attribute Assessment Index).   
Similar methods for assessing quality and calculating indices are used by Dennis and 
Eales (1997), Fleishman et al., (2002) and Pywell et al., (2004). 
4.3.3 Assessment of Habitat Quality Indices 
4.3.3.1 Predictive abilities 
Binary logistic regression was used to test the relationship between the distribution of 
each butterfly and the quality scores for the Detailed Sampling, Patch Attribute and 
Visual Assessment Indices described above.  For each index, the presence/absence of 
each butterfly was used as the dependent variable and the habitat quality scores for each 
patch, as the independent. 
4.3.3.2 Comparison of habitat quality indices   
The indices were compared using Spearman’s rank correlations and by plotting one 
against the other on scatter graphs and adding a regression line to see how well they 
correlated with each other. 
4.3.3.3 Verifying the Visual Assessment Score  
The Visual Assessment of quality was arguably a more subjective approach than either 
the Patch Attribute or Detailed Sampling Assessments. Thus an attempt was made to 
verify its correspondence with more objective habitat parameters for each butterfly, by 
comparing the Visual Score for each patch with the frequency in each patch of a number 
of variables using scatter graphs and linear regression.  These variables included the 
first 10 identified in the structure matrix of DFA 4 for each butterfly (Chapter 3), the 
larval foodplants, nectar sources and some of the grasses used as the basis for the Visual 
Assessment Criteria (Table 4.1) as well as the frequency of bare ground and the mean 
vegetation height.   
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4.4 RESULTS  
When determining habitat requirements, data from all 102 patches sampled were used in 
the analysis for P. icarus and C. pamphilus but were restricted to the 82 patches visited 
before 30th June in the analysis of E. tages and C. rubi.  
4.4.1.1 Detailed Vegetation Quadrat Sampling  
 
Table 4.2: Significant variables and unstandardised coefficients from discriminant 
function analysis 
 
The canonical variables used to construct the discriminant function.   Each variable is selected in order of 
its discriminatory ability ('step in analysis').  The coefficients are the unstandardised canonical 
coefficients, grouped according to whether their effect is positive or negative.  The results presented are 
those for DFA 4 in which variables present in fewer than 20% of patches were eliminated.  
a.  P. icarus 
Step in 
Analysis Variable 
Positive 
Coefficients
Step in 
Analysis Variable 
Negative 
Coefficients
1 Trifolium dubium 2.987 5 Hieracium spp. -2.202 
2 Lotus corniculatus 2.398 6 Plantago major -3.844 
3 Bare ground 1.799 7 Vegetation height -0.078 
4 Potentilla reptans 3.214  (Constant) -0.757 
b. C. pamphilus 
Step in 
Analysis Variable 
Positive 
Coefficients
Step in 
Analysis Variable 
Negative 
Coefficients
1 Festuca ovina -2.450 3 Poa pratensis 5.700 
2 Festuca rubra -2.911 4 Centaurea nigra 2.257 
 5 Dactylis glomerata 1.777 
 (Constant) 0.710 
c. E. tages 
Step in 
Analysis Variable 
Positive 
Coefficients
Step in 
Analysis Variable 
Negative 
Coefficients
1 Leucanthemum vulgare 2.052 4 Trifolium repens -2.542 
2 Centaurium erythraea 9.589 5 Arrhenatherum elatius -1.706 
3 Vicia spp. 3.524 (Constant) -0.078 
d. C. rubi 
Step in 
Analysis Variable 
Positive 
Coefficients
Step in 
Analysis Variable 
Negative 
Coefficients
1 Leucanthemum vulgare 5.317 2 Centaurea nigra -3.785
3 Equisetum arvense 4.792 (Constant) -0.225
 
108 
CHAPTER 4: DEVISING A HABITAT QUALITY INDEX 
Table 4.2 (a-d) shows the variables identified by DFA 4 as significantly discriminating 
between patches occupied and unoccupied by P. icarus, C. pamphilus, E. tages and C. 
rubi, and their unstandardised canonical coefficients.  This list of variables is a 
summary of the structure matrix produced by the same analysis as in Chapter 3 but only 
the variables with the greatest positive and negative discriminatory powers are selected.  
Positive discriminators include the main larval foodplants for P. icarus (Trifolium 
dubium and Lotus corniculatus) and C. pamphilus (Festuca ovina and F. rubra), bare 
ground for P. icarus and nectar sources for E. tages (Leucanthemum vulgare, 
Centaurium erythraea and Vicia spp.).  Some plants observed being used as nectar 
sources by P. icarus are also negative discriminators for that species (Hieracium spp. 
and Plantago major).  The remaining discriminators for these species consisted of rank 
grasses (e.g. Dactylis glomerata and Arrhenatherum elatius) or, as is the case for all of 
the discriminators for C. rubi, plants which form part of the vegetation structure.   
Discriminant scores ranged from -4 to 4 for P. icarus, C. pamphilus and E. tages and 
from -3 to 5 for C. rubi (Figure 4.1) with unoccupied patches generally tending to have 
the lowest scores and occupied patches, the highest.  This is particularly the case for E. 
tages and C. rubi. 
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a.  P. icarus b.  C. pamphilus 
 
 
 
 
 
 
 
c.  E. tages d.  C. rubi 
Figure 4.1: The distribution of discriminant scores  
The distribution of discriminant scores for the patches sampled (102 for P. icarus and C. pamphilus and 
82 for E. tages and C. rubi).  The discriminant score is the predicted occupancy of each patch based on 
habitat variables and is thus a measure of habitat quality.  The height of each bar shows the total number 
of patches for that score range with occupied and unoccupied patches shown in black and white 
respectively. 
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4.4.1.2 Patch Attribute Assessment. 
The significant attributes identified in the Mann Whitney U tests and DFA were the 
presence of larval foodplants and bare ground, the openness of sward, the shelter of the 
site, and lack of management, in varying combinations as discussed in Chapter 3.  The 
presence/absence of these attributes was used to calculate a quality score for each patch.   
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a.  P. icarus b.  C. pamphilus  
 
c.  E. tages d.  C. rubi 
Figure 4.2: The distribution of Patch Attribute scores  
Figure 4.2
The distribution of patch attribute scores for the patches sampled (102 for P. icarus and C. pamphilus and 
82 for E. tages and C. rubi).  The scores are also the predicted occupancy of each patch constructed from 
the attributes significant in Mann Whitney U tests (Chapter 3) and larval foodplants.  They are thus a 
measure of habitat quality.  The height of each bar shows the total number of patches for that score range 
with occupied and unoccupied patches shown in black and white respectively.  
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Scores ranged from -1 to 3 for P. icarus, -1 to 2 for E. tages, 0 to 2 for C. rubi and from 
-2 to 4 for C. pamphilus, according to the number of variables significant for each 
butterfly.  More than 90% of the patches sampled for each P. icarus, C. pamphilus and 
C. rubi and more than 80% of those for E. tages possessed at least one "positive" 
attribute.  In some cases, the presence of positive attributes was offset by negative 
scores for lack of management, lack of shelter and/or a closed sward, giving overall 
scores of 0, -1 or -2.  Therefore, though occupied patches tended to have higher scores 
and unoccupied patches lower scores, as  shows, the relationship between the 
score and the proportion of patches occupied was weak.   
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4.4.1.3 Visual Assessment Index  
The majority of the 102 patches assessed for P. icarus and C. pamphilus and the 82 
assessed for E. tages and C. rubi were given scores of between 1 and 2.  In general, 
there were more patches with lower scores of 0 and 0.5 than with higher scores of 2.5 
and 3.  Figure 4.3 clearly shows that for all four butterflies, the proportion of occupied 
patches increases as the Visual Score increases.  
 
 
 
 
 
 
 
a.  P. icarus b.  C. pamphilus  
 
 
 
 
 
 
 
 
 
 
 
 
 
c.  E. tages d.  C. rubi 
 
Figure 4.3: The distribution of Visual Assessment Scores  
The distribution of visual scores for the patches sampled (102 for P. icarus and C. pamphilus and 82 for 
E. tages and C. rubi).  The height of each bar shows the total number of patches for that score range with 
occupied and unoccupied patches shown in black and white respectively. 
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4.4.2 Assessment of Habitat Quality Indices 
4.4.2.1 Predictive abilities 
The ability of each of the habitat quality indices discussed above to predict the 
occupation of a patch was tested and compared using BLR (Table 4.3).  With the 
exception of C. rubi, the number of patches correctly classified was highest for the 
Detailed Sampling Assessment Indices ranging from 81.4% for (C. pamphilus) to 96.3% 
(E. tages).  These indices also account for the greatest variance in distribution (Cox & 
Snell and Nagelkerke R squared). 
 
Table 4.3: Comparison of habitat quality indices using binary logistic regression 
This table summarises the ability of the each quality index to classify the differences between occupied 
and unoccupied patches.  From left to right the columns show the percentage of patches correctly 
classified, the coefficient and the standard error in the coefficient, the model Chi-squared statistic, the 
degrees of freedom, the P value. The Cox and Snell and Nagelkerke R-squared statistics give conservative 
and liberal estimates respectively, of the variance explained by the model.   
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1 Detailed sampling 89.2 2.417 (0.482) 84.018 1 0.000 50.683 0.561 0.766
2 Patch Attribute 78.3 0.884 (0.182) 30.573 1 0.000 104.128 0.259 0.353P. icarus 
3 Visual Assessment 86.3 0.538 (27.629) 61.948 1 0.000 72.753 0.455 0.621
1 Detailed sampling 81.4 1.733 (0.360) 44.416 1 0.000 80.871 0.353 0.499
2 Patch Attribute 69.6 0.193 (0.126) 2.439 1 0.118 122.848 0.024 0.033C. pamphilus 
3 Visual Assessment 70.6 1.769 (0.428) 23.751 1 0.000 101.535 0.208 0.294
1 Detailed sampling 96.3 4.103 (1.516) 56.309 1 0.000 15.398 0.497 0.852
2 Patch Attribute 84.1 0.568 (0.294) 5.061 1 0.024 66.646 0.060 0.103E. tages 
3 Visual Assessment 89.0 4.174 (1.195) 36.184 1 0.000 35.523 0.357 0.612
1 Detailed sampling 87.8 1.310 (0.404) 19.759 1 0.000 55.196 0.214 0.357
2 Patch Attribute 82.9 0.875 (0.447) 4.358 1 0.037 70.597 0.052 0.086C. rubi 
3 Visual Assessment 92.7 5.394 (1.599) 37.062 1 0.000 37.893 0.364 0.607
 
A simplified Detailed Sampling Assessment Index, produced when the first 10 variables 
in the structure matrix of DFA 4 were scored as present (1) or absent (0) for each patch 
and these scores summed to give an overall score for the patch, had similar predictive 
abilities to the indices described above and explained a similar percentage of the 
variation in distribution. 
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For all four butterflies, the Patch Attribute Assessment Indices had the lowest predictive 
value of any ranging from 69.6% for C. pamphilus to 84.1% for E. tages, and accounted 
for the least variance in the distribution ( ).   In each case, the predictive ability 
of the Visual Assessment Index was higher, ranging from 86.3% for P. icarus and C. 
pamphilus to 92.7% for E. tages.  The Visual Indices also accounted for a greater 
percentage of the variation in distribution.   
Table 4.3
These results were consistent with those for the Sub-Dataset (see Appendix, Table 2). 
4.4.2.2 Comparison of habitat quality indices.   
 
 
 
 
 
 
 
 
 
 
 
a.  P. icarus b.  C. pamphilus 
 
 
 
 
 
 
 
 
 
 
 
c.  E. tages d.  C. rubi 
 
Figure 4.4: Correlation between Detailed Sampling and Patch Attribute 
Assessment Indices 
These scatterplots show the scores for the Patch Attribute Indices plotted against those for the Detailed 
Sampling Indices for each patch sampled.  A regression line and R-squared value are also shown.   
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For each butterfly, all indices were significantly correlated with each other (Spearman 
rank, P = 0.000) with the exception of the Detailed Sampling (DFA 4) and the Patch 
Attribute Assessments for C. rubi (Figure 4.5, d).  That is, in general a relatively high 
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score for one index equated to a similarly high score for the other and vice versa.  For 
each comparison, that is the Detailed Sampling versus Patch Attribute Assessments 
(Figure 4.4), the Detailed Sampling versus the Visual Assessments (Figure 4.5), and  the 
Visual versus the Patch Attribute Assessments (Figure 4.6), the strongest and weakest 
correlations were for P. icarus and C. rubi respectively (Cox & Snell and Nagelkerke R 
squared).  The next strongest correlations were for E. tages when DFA 4 was compared 
with each of the other two indices (Figure 4.4 and Figure 4.5) and for C. pamphilus 
when the Patch Attribute Index was compared with the Visual Assessment Index 
(Figure 4.6).   
 
 
 
 
 
 
 
 
 
a.  P. icarus b.  C. pamphilus 
 
 
 
 
 
 
 
 
 
 
 
c.  E. tages d.  C. rubi  
Figure 4.5: Correlation between Detailed Sampling and Visual Assessment Indices 
These scatterplots show the scores for the Visual Assessment indices plotted against those for the Detailed 
Sampling indices for each patch sampled.  A regression line and R-squared value are also shown.   
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When examining each comparison species by species, the best agreement was between 
DFA 4 and the Visual Assessment Index, with the exception of C. pamphilus, for which 
the strongest correlation occurred between the Visual Assessment and Patch Attribute 
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Indices (Figure 4.6).  The Visual Assessment Index was the most consistent of the three 
indices in that it produced the strongest correlations for all four butterflies when 
compared with either DFA 4 or the Patch Attribute Index.  The Patch Attribute Index on 
the other hand, was the least consistent and produced the weakest correlations when 
compared with DFA 4 or the Visual Assessment Index.   
 
 
 
 
 
 
 
 
 
 
 
a.  P. icarus b.  C. pamphilus 
 
 
 
 
 
 
 
 
 
 
 
 
c.  E. tages d.  C. rubi  
Figure 4.6: Correlation between Patch Attribute and Visual Assessment Indices 
These scatterplots show the scores for the Visual Assessment Indices plotted against those for the Patch 
Attribute Indices for each patch sampled.  A regression line and R-squared value are also shown. 
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4.4.2.3 Verifying the Visual Assessment Score  
Linear regression (Table 4.4) and scatter graphs (not shown) showed that the Visual 
Assessment Index correlated well with trends in the frequency of a number of variables 
recorded in the Detailed Sampling Assessment (P < 0.005).   That is, the frequency of 
these plants and bare ground increased as the Visual Quality score increased, whilst 
vegetation height decreased.  Of the variables tested significant correlations were found 
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between the patch frequency and the respective visual scores in more than 80% of cases 
for P. icarus, 50% for C. pamphilus, and 30% for E. tages and C. rubi (P<0.05).  The 
signs of those relationships also corresponded.  That is, if in the DFA a variable was 
found to be a negative predictor for the butterfly, it was also found to have a negative 
relationship with the Visual Assessment score.  For all four butterflies the greatest 
percentage of the variance in the Visual Assessment score was explained by the larval 
foodplants.  
 
Table 4.4: Comparison of Visual Quality Assessment scores and variables from 
Detailed Sampling Assessments. 
This table shows how well the Visual Quality Assessment correlates with the quadrat frequency per patch 
of key habitat variables. The variables chosen are those significantly different between occupied and 
unoccupied patches according to the Mann Whitney U tests and/or discriminant function analysis. 
The ecological relevance for each variable is as follows:- L - Larval food plant; N – Nectar sources; RG – 
rank grass; Sw – bare ground/vegetation height give information about the sward structure; S – considered 
to be significant as a result of being part of the vegetation structure; DFA 4 – included in the first 10 
variables of the structure matrix of DFA 4 (Chapter 3). 
The correlations were calculated using linear regression and the remaining columns show the Pearson 
correlation coefficient, the standard error in the coefficient, the R-squared value (the variance explained) 
and the P-value.   
a. P. icarus 
Predictor Ecological 
relevance 
Coefficient Standard 
Error 
R-Square 
(%) 
P 
Lotus corniculatus L/N (DFA) 1.339 0.241 23.50 0.000
Trifolium dubium L/N (DFA) 1.637 0.305 22.30 0.000
Trifolium pratense L/N (DFA) 1.295 0.296 16.10 0.000
Trifolium repens L/N (DFA) 0.425 0.334 1.60 0.207
Trifolium pratense & T. repens L/N 1.651 0.420 13.40 0.000
Plantago lanceolata N (DFA) 1.334 0.224 26.20 0.000
Centaurium erythraea N 5.522 1.046 21.80 0.000
Vicia spp. N 0.996 0.333 8.20 0.004
Senecio jacobaea N 1.298 0.455 7.50 0.005
Cynosurus cristatus FG (DFA) 0.400 0.274  2.10 0.148
Phleum pratense RG -1.496 0.500 8.20 0.003
Arrhenatherum elatius RG -0.781 0.276 7.40 0.006
Vegetation height Sw (DFA) -0.074 0.015 20.00 0.000
Bare ground Sw (DFA) 1.510 0.307 19.50 0.000
Cerastium fontanum S (DFA) 2.016 0.475 15.20 0.000
Heracleum sphondylium S (DFA) -1.247 0.741 2.80 0.095
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b.  C. pamphilus 
Predictor Ecological 
relevance 
Coefficient Standard 
Error 
R-Square 
(%) 
P 
Festuca ovina L (DFA) 1.366 0.272 20.10 0.000
Festuca rubra L (DFA) 0.511 0.214 5.40 0.019
Hieracium spp. N  0.783     0.362     4.50 0.033
Ranunculus spp. N  -0.534 0.264 3.90 0.045
Centaurea nigra N? (DFA) -0.178 0.294 0.40 0.546
Triscetum flavescens FG (DFA) -0.132     0.469     0.10 0.779
Arrhenatherum elatius RG (DFA) -0.814  0.217     12.30 0.000
Dactylis glomerata RG (DFA) -0.059 0.252 0.10 0.814
Vegetation height Sw  -0.062  0.012  21.40 0.000
Bare ground Sw (DFA) 1.241 0.248 20.00 0.000
Heracleum sphondylium (DFA) -2.096     0.572     11.80 0.000
Poa pratensis (DFA) 0.435 0.641 0.50 0.500
Plantago major (DFA) 0.198  0.583     0.10 0.735
c. E. tages 
Predictor Ecological 
relevance 
Coefficient Standard 
Error 
R-Square 
(%) 
P 
Lotus corniculatus L (DFA) 1.166 0.286     17.20 0.000
Leucanthemum vulgare N (DFA) 1.726 0.379 20.60 0.000
Vicia spp. N (DFA) 1.245 0.364 12.80 0.001
Hieracium spp. N  0.542 0.490     1.50 0.273
Ranunculus spp. N -1.231 1.140 1.40 0.284
Phleum pratense RG  -1.602 0.602 8.10 0.009
Arrhenatherum elatius RG -0.719 0.308 6.40 0.022
Dactylis glomerata RG  0.257 0.327 0.80 0.434
Bare ground Sw 1.597 0.330 22.60 0.000
Vegetation height Sw -0.078 0.021 14.5 0.000
Crataegus spp. S (DFA) 3.542 1.447 7.00 0.017
Festuca rubra S (DFA) 0.608 0.301 4.90 0.046
Centaurium erythraea (DFA)  5.259 1.050 23.9 0.000
Potentilla reptans (DFA)  1.049 0.639 3.30 0.105
Centaurea nigra (DFA)  0.440 0.395 1.50 0.268
Rumex obtusifolius (DFA)  -1.221  1.130 1.40 0.283
Trifiolium repens (DFA)  -0.042 0.381 0.00 0.913
d.  C. rubi 
Predictor Ecological 
relevance 
Coefficient Standard 
Error 
R-Square 
(%) 
P 
Lotus corniculatus L/N  0.850 0.270 11.00 0.002
Ulex europaeus N 2.936 1.922 2.80 0.131
Ranunculus spp. N 8.006 6.339 2.00 0.210
Leucanthemum vulgare N (DFA) 0.971 0.371 7.90 0.011
Phleum pratense RG (DFA) -1.625 0.542 10.10 0.004
Elymus repens RG (DFA) -2.108 0.719 9.70 0.004
Bare ground Sw (DFA) 1.322 0.308 18.70 0.000
Vegetation height Sw (DFA) -0.070 0.019 14.20 0.000
Agrostis capillaris S (DFA) -0.699 0.292 6.70 0.019
Crataegus spp. S (DFA) 2.294 1.341 3.50 0.091
Trifolium pratense (DFA) 0.685 0.306 5.90 0.028
Heracleum sphondylium (DFA) -0.835 0.718 1.70 0.249
Equisetum arvense (DFA) 0.521 0.750 0.60 0.489
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4.5 DISCUSSION  
4.5.1 Consistency and Reliability of Indices 
4.5.1.1 Detailed Sampling Assessment Indices 
The Detailed Sampling Assessment Indices are broadly consistent between both datasets 
in that the same “key” variables are used to construct a quality index for each butterfly.  
This is especially true for P. icarus and C. pamphilus.  As shown in the lists of 
discriminating variables ( ), these “key” variables include the larval foodplants 
of these species, some nectar sources, bare ground and vegetation height.  This relative 
consistency gives some confidence that the habitat quality scores produced by the DFA 
are in fact based upon ecologically appropriate, rather than spurious variables. 
Table 4.2
Neither Lotus corniculatus, nor any of the other main larval foodplants of E. tages and 
C. rubi emerged as significant discriminators in any of the Discriminant Function 
Analyses.  Nevertheless DFA 4 provides a concise list of variables which can be used as 
measures of quality for these species.  
4.5.1.2 Detailed Sampling, Patch Attribute and Visual Assessment Indices 
The Detailed Sampling, Patch Attribute and Visual Assessment Indices are relatively 
consistent in that overall, patches which have high or low quality scores using one index 
have correspondingly high and low scores using another.   For each comparison, the 
agreement between indices is strongest for P. icarus and weakest for C. rubi.  This may 
be because these two species respectively occupied the highest and lowest numbers of 
patches, in the greatest and smallest numbers and, for the longest and shortest periods of 
time.  Thus, the opportunities to collect positive information as to the habitat 
requirements of P. icarus were far greater than for any other species in this study, 
particularly C. rubi. 
The Patch Attribute Index was based on prior assumptions drawn mainly from the 
literature and is the least consistent in terms of the common agreement between DFA 4 
and the Visual Assessment Indices.  This approach has not worked well for the species 
in this study because in the absence of previous experience or empirical data from the 
West Midlands region, knowing in advance the species’ requirements was 
problematical.  Indeed, the fact that studies of other species employing similar methods 
(Dennis & Eales, 1997; Fleishman et al., 2002; Pywell et al., 2004) have met with 
greater success suggests that the particular attributes chosen for the targets of this study 
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in the West Midlands region were in fact not the most suitable.  In this respect the 
Detailed Sampling Assessment Index has the advantage of being produced via a 
deductive method which is based upon the information gathered and makes minimal 
prior assumptions. 
The Visual Assessment Index produced the strongest correlations for all four butterflies 
when compared with either DFA 4 or the Patch Attribute Index.  It may simply be that it 
is more possible to judge the constituents of good and/or poor quality subjectively by 
observation than it is to quantify them. 
The strength of agreement between the Visual Assessment Index and in particular, the 
more objectively derived Detailed Sampling Assessment Index, and the close 
correlations between the Visual Assessment scores and the frequency of variables 
significant in the analysis of the Detailed Sampling data, add some objective validity to 
the Visual Assessment method.  The correlations between the Visual Assessment scores 
and the frequency of variables also give an indication of which factors were associated 
with quality in the mind of the observer, though as shown by the distribution of scores 
across occupied and unoccupied patches ( ), this did not always relate to the 
presence of the butterflies.  P. icarus for instance, was found to be present at more 
patches of apparently low quality than C. pamphilus which in turn, was absent from 
more patches which were given a high Visual Assessment score for quality.  E. tages 
and C. rubi were absent from patches with low Visual Assessment scores (<2.0 and 1.5 
respectively), which assuming the scores were accurate, suggests that quality is more 
critical to the distribution of these species than it is to that of either P. icarus or C. 
pamphilus.   
Figure 4.3
Despite these apparent anomalies, it seems sensible to use the Visual Assessment as an 
independent means of checking the results of the more objective and quantitative 
Detailed Sampling Assessment.  Since both methods were devised and carried out 
independently of each other (i.e. the data from one method was not used to inform the 
other) then both can be used to verify the reliability of the other. 
4.5.2 Accuracy of Indices 
Of the three methods used to assess habitat quality, for both datasets, the Detailed 
Sampling Assessment Indices are the most accurate in that they have the highest 
predictive abilities and account for the greatest variation in the distribution of each 
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species (Table 4.3).  However, it should be noted that the DFA optimises both the 
variables and the variable coefficients for each dataset.  The same indices would not be 
expected to have such a high predictive ability on a second independent data set.  
Nonetheless the Detailed Quadrat Sampling method of assessing patches could be used 
and an index derived in the same manner as described in this chapter.  Both the Detailed 
Sampling and Patch Attribute Assessments are less dependent upon the experience of 
the individual researcher than the Visual Assessment and the botanical knowledge 
necessary for plant identification at the quadrat level can be acquired within a season.  A 
further advantage of the Detailed Sampling Assessment method is that it makes minimal 
prior assumptions about the habitat factors important in the geographical region studied.  
The main assumption of the method is that the presence or absence of the butterfly at 
the patches can yield information about habitat quality (Pywell et al., 2004) and that 
other unknown factors, such as climatic conditions, patch area and/or connectivity and 
the surrounding matrix, do not unduly bias the result.   However, all assessments of 
quality must ultimately make this assumption at some point. 
The Patch Attribute Assessment Index shows the poorest ability to predict the 
distribution of all four butterflies and accounts for the least variation in the distribution.  
This implies that even the significant variables used to calculate the quality score for 
each patch are not particularly important in determining the suitability of a patch for the 
butterflies, although the variables which are shown to be significant for each butterfly 
by both the Mann Whitney U tests, DFA and BLR are relatively consistent between the 
two datasets.   
The Visual Assessment Index has a comparatively high predictive ability to the Detailed 
Sampling Assessment Index for all four butterfly species and accounts for a relatively 
high percentage of the variation in distribution in spite of being a more subjective means 
of assessing quality than the either the Detailed Quadrat Sampling or Patch Attribute 
methods.   
4.5.3 Sensitivity of Indices 
For practical reasons researchers frequently define habitat as suitable or unsuitable for a 
particular species.  However, in reality, many factors contribute to the quality of habitat 
patches and consequently their characteristics and suitability are generally continuous, 
rather than binary in nature (WallisDeVries, 2004).  At first sight, all the indices 
described in this chapter might seem to identify on the one hand, only two grades of 
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quality (suitable and unsuitable as indicated by the presence or absence of the species in 
question), and on the other, as many grades as there are different quality scores.  
However, the sensitivity of each index score has more to do with the manner in which it 
was constructed.   The Detailed Sampling Assessment of quality might be regarded as 
the most sensitive in terms of the number of grades of quality it identifies since it 
provides a continuum of habitat quality values ranging from suitable to unsuitable 
(Figure 4.1).  Conversely, the Patch Attribute method might seem the least sensitive 
method as it has only between four and six grades of habitat quality, depending upon the 
number of attributes identified as being significant for each species and their effect 
(Figure 4.2).  However, the Detailed Sampling Indices are constructed using DFA 
which separates suitable from unsuitable habitat upon the basis of its association with 
the butterflies and in this respect has only two grades.  Both the Patch Attribute and 
Visual Assessments were carried out independently of whether the butterflies were 
present or absent and therefore can in this respect, be regarded as having more grades of 
quality.  As already discussed however, the Patch Attribute Assessment Index has the 
poorest predictive abilities and is therefore the least effective in assessing the quality of 
habitat for the species in this study.  
4.5.4 Practicality of indices 
Of the three methods used in this project to assess habitat quality, the Detailed Sampling 
Assessment Indices are the most time-consuming and complicated to construct both in 
terms of data collection and statistical analysis and therefore may be impractical for use 
when time and resources are limited.  The method could be simplified for use in the 
field as described in section 4.4.2.1 and applied to other species in other areas.  
Nevertheless, the time required for close identification of plant species at quadrat level 
means that it is most suited to assessing relatively small numbers of patches.     
The Patch Attribute Assessment method is not dissimilar to the Detailed Sampling 
Assessment in that one is dealing with a number of variables and using statistical 
analysis to find the most significant.  On the other hand, it is easier to implement and 
once the important variables had been discerned, statistical analysis would not be 
necessary to give each patch a quality score.  Thus it would be possible to assess a 
larger number of patches.  The difficulty with this method is in identifying the important 
variables as mentioned above.   
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The Visual Assessment is the most practical of the three methods in that it is the easiest 
and quickest to carry out in the field and requires no statistical or computer abilities.  It 
is also the most suitable for assessing large number of patches. Even when (as in this 
study) the observer has little previous knowledge of the species in question, the basic 
experience required to assess the suitability of habitat can be gained relatively quickly 
and simply by visiting a number of occupied patches over a few weeks.  This procedure 
could also be similarly applied to other species in different settings.  Hanski et al., 
(1995) describe a study in Finland in which students were trained to identify and 
describe meadows suitable for Melitea cinxia prior to fieldwork. 
The Visual Assessment is the most subjective of the three methods and although one 
can become good at judging what constitutes good/poor habitat quality, it may be 
difficult to quantify precisely which factors distinguish the two.  In this respect, 
improvements could be made by for example, drawing up a mean score for patches 
based on criteria such as those used in this study following the independent assessment 
of a number of patches or pictures of patches, by several people.  Alternatively, one 
could add values to some of the criteria in Table 4.1.  For instance, in this study, the 
mean vegetation height for patches decreased from just below 17cm for patches given a 
score of 0 for P. icarus to just below 8cm for patches scored 3.  Likewise, the mean 
number of quadrats per patch (frequency) in which T. dubium, L. corniculatus and T. 
pratense were present increased from 0%, 18% and 14% respectively for patches scored 
0 to 33%, 64% and 45% for patches scored 3.  Across the same quality scores, the mean 
frequency of bare ground increased from less than 7% to greater than 30%.  Similar 
trends for vegetation height, bare ground and F. ovina occur in patches given a Visual 
Assessment Score for C. pamphilus. 
The problem with all methods of assessing habitat quality is that as pointed out by 
Dennis et al., (2003), it is difficult to know what truly represents high quality for the 
butterfly.  Either one needs a highly detailed knowledge of microscale requirements 
during the entire life cycle (which certainly in the case of C. pamphilus is not available 
at the present time) or, one has to use the presence of the butterfly as an indication of 
good, rather than poor, quality. 
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4.5.5 Comparisons with other studies 
Reference has already been made to four other studies which assess habitat quality in 
order to compare its influence upon butterfly distributions with that of patch size and 
isolation (Dennis & Eales, 1997; Thomas et al., 2001; Fleishman et al., 2002; Anthes et 
al., 2003).  All four studies have the advantage over this West Midlands survey not only 
of focussing upon specialist species with very specific requirements, but also that those 
requirements were already well understood.  Thus detailed sampling of vegetation in 
order to determine the essential differences between occupied and unoccupied patches 
for example was not required and time and attention could be focussed upon 
ascertaining the finer details of habitat quality. Thomas et al., (2001) for instance, used 
quadrat samples to examine the density of the larval nests of M. cinxia upon different 
leaf sizes of its foodplant P. lanceolata in five different growth stages at 6 different 
sites.  Similarly the incidence of P. bellargus eggs on H. comosa in relation to turf 
height and shelter was studied in detail in 1560 quadrats at one site over 4 years.  These 
detailed studies were carried out in small areas of these sites and the principles of 
habitat quality established subsequently applied to a much larger survey.  Similarly, 
Anthes et al., (2003) assess the larval habitat quality for Euphydryas aurinia in a 
detailed survey of egg deposition in relation to hostplant and microhabitat 
characteristics. 
Dennis and Eales (1997) and Fleishman et al., (2002), took what might be described as 
a much more “quick and dirty” approach than Thomas et al., (2001), more akin to the 
Patch Attribute Assessment in this West Midland study, assessing a larger number of 
patches in their entirety for C. tullia and S. nokomis apacheana respectively.  Once 
again however, the specific requirements of these specialist species were already known 
(Dennis & Eales, 1997, 1999; Thomas et al., 2001; Fleishman et al., 2002) and in the 
case of C. tullia, the effects of habitat management upon quality and therefore the 
potential habitat quality parameters chosen, though less detailed than those of Thomas 
et al., (2001), were relatively precise.  For the most part the index produced correlates 
more significantly with butterfly presence/absence and explains a far higher percentage 
of the variance than the Patch Attribute Index does for any of the species in the West 
Midlands (R-squared = 61%, P < 0.0001) (Dennis & Eales, 1997, 1999). 
As well as a quantitative assessment of quality, Dennis and Eales (1997) also used a 
more subjective assessment of entire patches comparable to that of the Visual 
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Assessment in this West Midlands study and based on similarly broad parameters.  In 
preference, however, the more quantitative assessment described above was used for 
comparison with size and isolation of patches even though the results were similarly 
high.  
In terms of method, this study of habitat quality for grassland species in the West 
Midlands bears some relation to those by Dennis and Eales (1997) and Fleishman et al., 
(2002).  The next logical stage would be to take the findings of all three methods of 
assessment and carry out a more detailed study along the lines of that by Thomas et al.,  
(2001) focussing on one (or two) of the study species at a very small number of patches. 
Thomas et al., (2001) showed that it was the growth stage and conditions of larval 
foodplants that were important to the distribution of the study species.  The result of this 
West Midlands study point to the abundance of plants as being important certainly in 
the case of P. icarus and C. pamphilus in that patches in which these species were 
present tended to have larval foodplants and nectar sources in higher frequencies than 
unoccupied patches.  However, it may be that the growth conditions or stage of the 
plants are also important which would more likely be revealed by a more intensive 
study.  The somewhat inconclusive results as to the habitat requirements of E. tages and 
C. rubi in particular would justify such a study.  
4.6 CONCLUSION 
This chapter has proposed three methods of assessing habitat quality, two of which have 
been found to have relatively high predictive abilities.  Of these, the Detailed Sampling 
Index is the most convincing, summarising most efficiently and effectively the key 
differences in habitat between occupied and unoccupied patches and providing a 
continuous scale ranging from suitable to unsuitable.  It also provides the most 
information concerning the habitat preferences of each butterfly.   
The Visual Assessment Index has similarly high predictive abilities to the Detailed 
Sampling Assessment Index and can be carried out more rapidly on a far greater number 
of patches.  However, it is subjective and therefore vulnerable to criticisms, namely that 
it is dependent upon the experience of the observer and difficult to quantify.   
Thus in this respect, the more rigorous Detailed Sampling Assessment method produces 
the “best” index which will be used to compare habitat quality with size and isolation of 
patches in Chapter 6.  (Hanski et al., 1995); (Summerville & Crist, 2004) 
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CHAPTER 5:  AREA AND CONNECTIVITY OF  
HABITAT PATCHES AS PREDICTORS OF OCCUPANCY 
5.1 INTRODUCTION   
The size and isolation of habitat patches are known to have a considerable influence 
upon butterfly distributions (e.g. Dempster, 1989; Thomas & Harrison, 1992; Warren, 
1992b; Thomas & Jones, 1993; Hanski & Thomas, 1994; Feber & Smith, 1995; Hanski 
et al., 1995; New et al., 1995; Hill et al., 1996; Wheater, 1999; Asher et al., 2001; 
Fleishman et al., 2002).  Small patches support small populations and are more prone to 
extinction than large patches, either through chance events or as a result of emigration 
from the patch.  Individuals occupying small patches encounter patch boundaries at a far 
higher rate than in large patches (Hanski & Thomas, 1994; Hill et al., 1996; Thomas & 
Hanski, 1997; Hanski, 1998; Harrison & Bruna, 1999; Schtickzelle & Baguette, 2003).  
Large patches on the other hand, have a far greater chance of being colonised or 
recolonised, due to the fact that they are more likely to be located by immigrants. 
Furthermore, individuals are more likely to remain within larger patches once they have 
arrived.  Isolated patches have a smaller chance of being (re)colonised than well-
connected patches.  Thus large patches will tend to be occupied, particularly if they are 
close to other patches, whilst small and/or relatively isolated patches will tend to be 
vacant (Hill et al., 1996; Thomas & Hanski, 1997; Hanski, 1998).   
The effects of size & isolation upon butterfly distributions are critical to metapopulation 
processes, the importance of which was recognised during the latter part of the last 
century.  As habitat fragmentation increased, ecologists realised the need to understand 
the dynamics of networks of patches in the landscape rather than to focus upon preventing 
local extinction by maintaining the quality at one or two patches (Thomas, 1984; Thomas, 
1991; Thomas & Harrison, 1992; Hanski & Thomas, 1994; Fleishman et al., 2002).   
Metapopulations consist of groups of local populations (colonies) linked by occasional 
dispersal.  Metapopulations vary in character, but there is generally a continuum 
between “Levin’s-type” metapopulations in which all populations are of equal 
importance (i.e. of equal size and importance), and “mainland-island” metapopulations 
in which one or two populations are larger and more persistent than the others.  
Extinctions can occur for a variety of reasons including chance events or emigration 
and, individually, populations may be unviable.  However, provided extinctions rates 
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are balanced or exceeded by colonisation rates, a metapopulation can theoretically 
persist indefinitely (Harrison et al., 1988; Primack, 1993; Hanski & Thomas, 1994; 
Thomas, 1995; Hanski & Gilpin, 1997; Hanski, 1998; Moilanen & Hanski, 1998).  
Butterflies which are thought to exist as metapopulations tend to be those which have 
low mobility and form closed populations1 (Thomas, 1984).   
All the butterflies in this study are thought to have low mobility and closed populations 
(Thomas, 1984; Dennis & Shreeve, 1997; Cowley et al., 2001b) and therefore may exist 
as metapopulations, particularly given the high degree of habitat fragmentation which 
has occurred.  This will be discussed briefly at the end of this chapter.  However, the 
main aim of this thesis is to establish the relative importance of patch size and isolation 
in comparison with patch quality in order to inform conservation decisions.   
This chapter is concerned with the measurement of size and isolation of habitat patches 
in order that their effect upon butterfly distributions may be compared with that of 
habitat quality as assessed in Chapter 4.   
5.2 METHODS 
5.2.1 Area 
The approximate boundary of each of the 102 patches identified and sampled at the sites 
visited during this study (Table 2.1) (hereafter referred to as the study sites) was estimated 
visually according to major changes in vegetation as described in Chapter 3, and mapped 
using a handheld Global Positioning Satellite (GPS) device.  As the perimeter of the area 
was tracked on foot, the GPS recorded a series of grid references which were then 
downloaded onto computer.  The area of each patch was calculated using a customised 
program2 written in MATLAB (The MathWorks Inc., 2001).  An example of part of the 
output given for each patch is shown in Figure 5.1.  In order to identify any relationship 
between patch size and the distribution of the butterflies, the areas for all of the sampled 
patches were entered as the independent variable in a binary logistic regression with the 
presence/absence of the butterfly in question as the dependent variable. 
 
                                                 
1 A closed population is one in which the majority of individuals remain within their natal habitat patch 
with only a few moving between patches (New, 1997; Cowley et al., 2001b) 
2 Programs provided by I.D. Loram. 
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6.1 BHP 12
Area of 6.1 BHP is 299055 m2
Figure 5.1: Calculating the area of a patch 
An example of the output from a “calculate areas of patches” program written in MATLAB (The MathWorks 
Inc., 2001).  The large patch shown in the centre is Bury Hill Park in Sandwell, West Midlands.  The dots 
represent the boundaries of the patch which were established by tracking the perimeter using a hand held GPS 
device.  The program provided an interactive graphical display which was used to edit and check visually the 
accuracy of the tracks.  The area of the patch (m2) is shown at the top of the figure.  The x and y axes show the 
x and y coordinates (km).   
 
5.2.2 Connectivity 
In recent years, there has been much discussion in the disciplines of landscape ecology 
and metapopulation ecology as to the meaning and context of connectivity and how it 
should be measured, with calls for a move towards a common definition 
(e.g.Tischendorf & Fahrig, 2000a, 2000b; Moilanen & Hanski, 2001; Tischendorf & 
Fahrig, 2001; Moilanen & Nieminen, 2002).  Previous studies examining the 
importance of habitat quality compared to size and isolation of patches in relation to 
butterfly distributions have generally taken the distance from the focal patch to the 
nearest neighbouring patch as a measure of connectivity (Dennis & Eales, 1997; 
Thomas et al., 2001; Fleishman et al., 2002; Anthes et al., 2003).  Indeed, a wider 
survey of literature concerned with connectivity (Moilanen & Nieminen, 2002) 
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identified 44% of recent studies which used some form of nearest neighbouring patch as 
a measure of connectivity, calculated for instance, using the following equation:- 
  Ii = dNN  Equation 1 
where Ii is the isolation of the focal patch i and dNN  is the distance to the nearest 
occupied habitat patch (Moilanen & Nieminen, 2002).   
However, the same study also showed this parameter to be far less likely to reveal any 
significant effects of connectivity than more complex methods.  It is suggested that in 
highly fragmented landscapes in particular, results are more accurate and consistent 
when the size of the focal patch and the size and distance to all potential source 
populations i.e. all the neighbouring patches, are taken into account as illustrated in 
 (Hanski & Thomas, 1994; Thomas, 1995; Thomas & Hanski, 1997; Hanski, 
1999; Moilanen & Nieminen, 2002).  WallisDeVries (2004) uses such an approach 
when comparing the effects of habitat quality with connectivity and in response to the 
questions raised by Moilanen and Nieminen (2002), Anthes et al., (2002) analysed their 
data using measures of isolation and connectivity. 
Figure 5.2
Figure 5.2: Connectivity and isolation 
 
 
 
 
In this project, the connectivity of a focal patch (central diamond) is the summed contribution from all the 
neighbouring occupied patches (black circles).  The contribution of each neighbouring patch decreases 
exponentially with its distance from the focal patch.  The isolation of the focal patch is simply the distance to the 
nearest neighbouring patch (white square). 
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Thus the connectivity for each patch sampled in the study was calculated using the 
following equation:-   
 
 
 Equation 2
where S is the connectivity of focal patch i, α is the slope of the dispersal kernel (i.e. α 
scales the effect of distance upon migration estimated using mark release recapture data 
(Hanski & Thomas, 1994; Hanski et al., 2000), dij is the distance between patch i and all 
the other patches j and Aj is the area of each patch j.  Population size is considered to 
scale with patch area, and emigration rate to scale with patch area to the power of b 
(Hanski, 1999).  Connectivity is thus the inverse of isolation.  An increase in Si 
(Equation 2) means an increase in connectivity whereas an increase in Ii (Equation 1) 
i.e. the NN distance (isolation), results in a decrease in connectivity (Hanski et al., 2000; 
Moilanen & Nieminen, 2002).  That is, a highly fragmented landscape consisting 
mainly of patches with a high degree of isolation (Ii) will be less connected than one 
which consists of patches with a low degree of isolation (Tischendorf & Fahrig, 2000a).   
The connectivity of each of the patches sampled in the study was calculated for each 
butterfly species using the locations of all known suitable patches in the West Midlands 
conurbation obtained from the patches sampled in this study and grid references 
supplied by Butterfly Conservation (see below) and Ecorecord.  For the sampled 
patches, a mean grid reference was calculated in MATLAB using the grid references 
recorded whilst mapping the perimeter of the patches.  Since in fragmented landscapes 
such as urban areas, habitat patches are generally relatively small and constitute only a 
small proportion of the matrix as a whole, it makes little difference to the connectivity 
value whether the distance from each patch is calculated from the edge or the centre of 
the patch  (Hanski et al., 2000). 
Butterfly Conservation provided records of each of the study species in the West 
Midlands from 1982 to 2003.  Recorder effort in the region has increased during this 
period, peaking towards the end, around the time that the Millennium Atlas of 
Butterflies in Britain and Ireland (Asher et al., 2001) was in preparation.  As a result, a 
particularly complete set of records exist for 1995 to 2000.  In order to determine 
whether to use this section of the dataset in its entirety, or part of it for the final 
S i =  Σ exp (-αd ij) Ajb
j  i ≠  
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calculations, and to ensure that the outcome of any statistical analyses were reasonably 
reliable, the robustness of the connectivity calculation in this context was tested by 
entering a number of combinations of data and parameters into the analysis.  
Thus for each Polyommatus icarus, Coenonympha pamphilus, Erynnis tages and 
Callophrys rubi, the data from all the patches sampled and that for the potentially 
suitable patches from Ecorecord were entered into the calculation along with  
i. BC data from 1999 to 2000, area (A) for each of the patches and b = 0.5 
(Connectivity 1) 
ii. BC data from 1995 to 2000, area (A) for each of the patches and b = 0.5 
(Connectivity 2) 
iii. BC data from 1995 to 2000, with no area data or b value (Connectivity 3) 
iv. BC data from 1995 to 2000 area (A) for each of the patches and b = 1 (Connectivity 4) 
Methods (i) and (ii) were intended to test the effect of entering all or part of the BC 
dataset since this would affect the number of patches considered.  Methods (ii) and (iii) 
examine the effect of removing area (A) and the accompanying emigration rate (b) from 
the calculation, and methods (ii) and (iv), that of changing the b value.  If b is valued at 
1, then the connectivity contribution of each patch is weighted in proportion to its area.  
A value of b = 0.5 means that the connectivity contribution of each patch is weighted in 
proportion to the square-root of its area i.e. area makes less of a contribution to 
connectivity.  A weighting of b = 0 means that the area of the patch is removed from the 
calculation altogether and therefore cannot contribute to the connectivity measure.   
The area for each of the study patches was calculated as described above (section 5.2.1).  
However, there were no area data available for the records provided by BC or 
Ecorecord.  The records simply consisted of 4- or 6-figure grid references.  Thus an 
average area was calculated using the areas of the study patches and substituted as an 
average area for each of the patches represented by the local records.  Since the sampled 
patches consisted of a broad cross-section of site types from across a wide area of the 
West Midlands conurbation, it was considered that they would provide a characteristic 
representation of the BC and Ecorecord patches.  Any duplication between the three 
sources of data was omitted from the calculations i.e. duplicate patches or patches closer 
than 100m were removed. 
In addition to area, the connectivity of each patch is affected by the mobility of the 
species in question.  Different species have different mobilities (Thomas, 1984; Thomas 
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& Hanski, 1997; Cowley et al., 2000; Tischendorf & Fahrig, 2000b; Cowley et al., 
2001a; Cowley et al., 2001b; Cabeza, 2003) and this is reflected in the alpha values of 
the connectivity equation in that larger values are associated with less mobile species 
and vice versa (Cabeza, 2003).  In other words, the higher the alpha value, the shorter 
the distance the butterfly will be able to travel and the closer the patches have to be in 
order to be connected.  A neighbouring patch 0km from the focal patch would have a 
connectivity value of 1.  The connectivity of patches decreases exponentially with 
distance. The alpha value determines the “half range” (HR) i.e. the distance at which the 
connectivity of a neighbouring patch is halved, and is derived from Equation 2 as 
follows:-.   
 
 
Thus if distance d = HR (half range):- 
 0.5  =  exp -α HR 
 log exp 0.5  =  -α HR 
 log exp 2  =  α HR 
 (1/α) × log exp 2  =  HR 
 HR  =  0.693/α 
 
Thus the half range is inversely proportional to the α values and give an indication of 
the distance scale over which connectivity drops to insignificant levels e.g. at a distance 
of 4 half ranges, connectivity of a neighbouring patch is equal to 1/16 or 0.0625.  The 
half ranges of the study species are shown in .  In order to test the accuracy of 
alpha values in terms of the distribution of each species, a variety of values were used 
within the range 0.1 to 2.5, including those considered to best describe their mobility 
(M. Cabeza, & R.J. Wilson, pers. comm.3); that is 1.5 for P. icarus, 1.7 for C. 
pamphilus and 2.0 for E. tages and C. rubi.  The alpha value which best fitted the data 
used in this study was also identified. 
Table 5.1
                                                 
3 A mobility ranking for a number of UK species (Cowley et al., 2001b) was used in combination with 
mark-release-recapture data (Hanski et al., 2000). 
Si = Σ exp (-αd) 
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Finally, binary logistic regression was used to determine any relationship between 
connectivity and butterfly distributions and to test the hypothesis that less mobile 
species are more likely to be affected by connectivity. 
 
Table 5.1: Alpha values and “half ranges” of the study species (0.693/α) 
For each butterfly species, the alpha value is the dispersal constant that determines the distance from a focal 
patch at which butterflies are likely to be found.  The half range is the distance over which the connectivity of a 
neighbouring patch decreases by half.  The half range is determined by the alpha value. 
Species α (km-1) Half Range (km) 
P. icarus 1.5 0.462 
C. pamphilus 1.7 0.408 
E. tages  2.0 0.347 
C. rubi 2.0 0.347 
 
5.3 RESULTS 
5.3.1 Area 
The distribution of the areas calculated for the study patches is shown in Figure 5.3.   
Minimum and maximum areas were 0.03ha and 29.91ha respectively with a mean of 
3.3ha (Table 5.2).  The majority of patches were less than 10ha in area.  More 
specifically, 11% of patches were less than 0.1ha in area, 34% between 0.1ha and 1ha 
and 44% between 1.0ha and 10.0ha.  Only 11% of patches were greater than 10ha in 
area, of which 2 were greater than 20ha.  
The majority of occupied patches and unoccupied patches for all four species were 
between 0.1ha and 10ha in area, though mean patch sizes for occupied and unoccupied 
patches were similar only for P. icarus (Table 5.2 and Figure 5.6).  Patches occupied by 
C. pamphilus and C. rubi were on average larger than those apparently unoccupied by 
the same species, whilst the trend is reversed for E. tages.   
Binary logistic regression revealed that the relationship between area and the 
distribution of the butterflies in this study was significant for C. pamphilus only (P < 
0.01), accounting for 68.6% of patches correctly classified.  The R-squared values show 
that area accounted for less than 10% of the variance in distribution for C. pamphilus, E. 
tages and C. rubi and for none of the variance for P. icarus (Table 5.3). 
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a.  P. icarus b.  C. pamphilus 
 
c.  E. tages d.  C. rubi 
Figure 5.3: The distribution of patch areas  
The distribution of areas calculated for the patches sampled (102 for P. icarus and C. pamphilus and 82 for E. 
tages and C. rubi).  The height of each bar shows the total number of patches for that area range with occupied 
and unoccupied patches shown in black and white respectively.  The percentage of patches occupied in that 
area range is the black bar divided by the total height of the bar. 
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Table 5.2: Mean, maximum and minimum areas for sampled patches 
The mean, maximum and minimum areas are shown for all the patches sampled and for those 
occupied/unoccupied by each species. 
Butterfly Status Mean/ha Maximum/ha Minimum/ha 
All patches 3.298 29.906 0.032 
Occupied 3.285 29.906 0.034 P. icarus  
Unoccupied 3.319 21.308 0.032 
Occupied 5.250 29.906 0.125 C. pamphilus 
  Unoccupied 2.445 21.308 0.032 
Occupied 1.420 10.977 0.034 E. tages  
Unoccupied 3.549 29.906 0.032 
Occupied 5.093 29.906 0.034 C. rubi  
Unoccupied 2.824 21.308 0.032 
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Table 5.3: Patch occupancy versus area 
Binary logistic regression was used to test the ability of patch area to classify the differences between occupied 
and unoccupied patches. From left to right the columns show the percentage of patches correctly classified, the 
coefficient and the standard error in the coefficient, the model Chi-squared statistic, the degrees of freedom and 
the P value.  The Cox and Snell and Nagelkerke R-squared statistics give conservative and liberal estimates 
respectively, of the variance explained by the model. 
R Square Species %  patches 
correctly 
classified 
Beta (SE) Model  
X2 
df P -2 Log  
Likelihood Cox & 
Snell 
Nagelkerke
P. icarus  62.7 0.000 (0.000) 0.001 1 0.973 134.700 0.000 0.000 
C. pamphilus 68.6 0.000 (0.000) 6.396 1 0.011 118.891 0.061 0.086 
E. tages 84.1 0.000 (0.000) 2.897 1 0.089 68.810 0.035 0.060 
C. rubi 84.1 0.000 (0.000) 1.913 1 0.167 73.042 0.023 0.038 
 
5.3.2 Connectivity 
The connectivity calculations seem to have been little affected by the varying 
combinations of data entered.  With the exception of Connectivity 4 for C. rubi, all 
showed significant relationships for each of the four butterfly species (P < 0.05) (
), accounting for between 65.7% and 68.6% of patches correctly classified for P. 
icarus, 72.5% and 76.5% for C. pamphilus, 82.9% and 85.4% for E. tages and 80.5% 
and 82.9% for C. rubi.  Connectivity equation 4, where the BC data for 1995 to 1999 
were entered along with area and an emigration rate (b) equal to 1, gives the lowest 
percentage of patches correctly classified for P. icarus and C. pamphilus and the lowest 
R values for each butterfly except E. tages.  
Table 
5.4
For subsequent comparisons, the connectivity values for each patch from Connectivity 1 
were used.  These values were generated when in combination with data from sampled 
patches and Ecorecord, BC data from 1999 to 2000 were used along with the area of 
patches and, as recommended by Moilanen and Nieminen (2002), an emigration rate (b) 
of 0.5.  Examination of data provided by the BC project show that even taking into 
account increased recording effort in the region, the number of 2km records for all four 
study species have changed considerably during the last decade or so (Loram, 2004 in 
prep.,).  Consequently data from 1999 to 2000 were considered more likely to be a 
closer approximation to the situation “on the ground” in the West Midlands conurbation 
in 2001 to 2003 when the patches in this study were sampled (Figure 5.4).   
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Values for Connectivity 1 are generally lower than for all other calculations where the 
data from 1995 to 2000 are used.  However, this is merely a reflection of the fact that 
there are fewer patches in this dataset which therefore results in a less well-connected 
landscape.  The overall significances and the proportion of variances in the distribution 
of the butterflies explained are similar to those for all the other calculations.  With the 
exception of C. rubi, the best fit alpha values for this calculation are the closest to the 
recommended values. 
Table 5.4: Patch occupancy versus connectivity  
Binary logistic regression was used to test the ability of patch connectivity to classify the differences between 
occupied and unoccupied patches. From left to right the columns show the percentage of patches correctly 
classified, the coefficient and the standard error in the coefficient, the model Chi-squared statistic, the degrees 
of freedom and the P value.  The Cox and Snell and Nagelkerke R-squared statistics give conservative and 
liberal estimates respectively, of the variance explained by the model (see text for explanation of calculations) 
R Square 
Sp
ec
ies
 Parameter 
Tested 
%  patches 
correctly 
classified 
Beta (SE) Model  
X2 
df P -2 Log  
Likelihood Cox & 
Snell 
Nagelkerke
Connectivity 1 67.6 0.385 (0.148) 9.975 1 0.002 124.726 0.093 0.127 
Connectivity 2 67.6 0.178 (0.076) 8.048 1 0.005 126.653 0.076 0.104 
Connectivity 3 68.6 0.174 (0.071) 8.879 1 0.003 125.822 0.083 0.114 
P.
 ic
ar
us
 
Connectivity 4 65.7 0.164 (0.072) 6.976 1 0.008 127.725 0.066 0.090 
Connectivity 1 76.5 0.449 (0.130) 14.084 1 0.000 111.203 0.129 0.182 
Connectivity 2 73.5 0.215 (0.078) 8.896 1 0.003 116.391 0.084 0.118 
Connectivity 3 73.5 0.218 (0.075) 10.170 1 0.001 115.117 0.095 0.134 
C.
 p
am
ph
ilu
s 
Connectivity 4 72.5 0.217 (0.077) 8.907 1 0.003 116.380 0.084 0.118 
Connectivity 1 82.9 0.805 (0.288) 7.803 1 0.005 63.904 0.091 0.156 
Connectivity 2 85.4 0.456 (0.156) 8.683 1 0.003 63.023 0.100 0.172 
Connectivity 3 85.4 0.461 (0.151) 9.724 1 0.002 61.982 0.112 0.192 
E.
 ta
ge
s 
Connectivity 4 85.4 0.467 (0.161) 8.653 1 0.003 63.054 0.100 0.172 
Connectivity 1 81.7 0.840 (0.368) 5.080 1 0.024 69.876 0.060 0.100 
Connectivity 2 81.7 0.542 (0.222) 5.907 1 0.015 69.048 0.070 0.116 
Connectivity 3 80.5 0.657 (0.263) 6.140 1 0.013 68.815 0.072 0.120 
C.
 ru
bi
 
Connectivity 4 82.9 0.111 (0.074) 2.093 1 0.148 72.862 0.025 0.042 
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10km 
d.  C. rubi 
Figure 5.4: Distribution of patches used in the connectivity calculations.  
Grey circles indicate local records (Butterfly Conservation and Ecorecord) in 1999 and 2000. Black and open 
circles indicate occupied and unoccupied study sites in 2000-2003.  The patches shown are all known patches 
within a 40km square (NW x – 380, y – 310; SE x – 420, y – 270).   
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Figure 5.5 and Figure 5.6 show the distribution of connectivity values in relation to 
occupied and unoccupied patches for each butterfly using the values from Connectivity 
1.  The range of connectivity values was highest for P. icarus (0.003 to 10.154) followed 
by C. pamphilus (0.001 to 7.654).  More than 80% of patches had connectivity values of 
less than 4.  To put this in perspective, a connectivity value of 10 for a focal patch i and 
a half range of 0.462km for P. icarus would hypothetically amount to approximately 20 
patches at a range of 0.462km of patch i, or 40 patches at a range of 0.924km.  The 
majority of patches with higher values for connectivity (>4) were occupied.  The lowest 
connectivity value for any patch occupied by P. icarus or C. pamphilus is 0.005 and 
0.109 respectively. 
 
 
a.  P. icarus b.  C. pamphilus 
 
 
c.  E. tages d.  C. rubi 
Figure 5.5: The distribution of connectivity values  
The distribution of connectivity values calculated for the patches sampled (102 for P. icarus and C. pamphilus 
and 82 for E. tages and C. rubi).  The height of each bar shows the percentage patches for that connectivity range 
with occupied and unoccupied patches shown in black and white respectively. The percentage of patches 
occupied in that connectivity range is the black bar divided by the total height of the bar.  The connectivity 
equation used in Connectivity 1 which used data from sampled patches, Ecorecord and BC data 1999 to 2000, 
patch area and b = 0.5 
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a.  P. icarus b.  C. pamphilus 
 
 
 
 
c.  E. tages d.  C. rubi 
Figure 5.6: The area and connectivity distribution of patches 
Figure 5.6
For each patch area is plotted against connectivity.  Solid grey diamonds are occupied and open circles are 
unoccupied patches respectively. 
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Connectivity values for E. tages and C. rubi are generally lower than those for P. icarus 
and C. pamphilus.  However there are a number of similarities.  More than 80% of 
patches sampled for both E. tages and C. rubi have low connectivity values (<1). A 
greater percentage of unoccupied patches than occupied patches have connectivity 
values at the higher end of the range for these species than for either P. icarus or C. 
pamphilus.  The lowest connectivity values for any patch occupied by E. tages or C. 
rubi are 0.018 and 0.000 respectively.   
 shows the combined effect of connectivity and area upon patch occupancy.  
In general terms, the figure illustrates that larger and well-connected patches are more 
likely to be occupied than small and poorly connected patches.  For C. pamphilus there 
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is a slightly more uniform distribution of occupied patches where small patches are 
occupied only if connectivity is high and vice versa.  However, overall, there is no clear 
relationship between the two parameters for any of the four study species.  This is not 
surprising given that connectivity has little influence and area almost no influence upon 
patch occupancy.   
5.3.2.1 The relationship between mobility and connectivity  
For all four species the alpha values which fitted the analyses best were lower than 
those recommended by Wilson & Cabeza (pers. comm., 2003) to reflect the mobility of 
these species.  Only those for P. icarus are similar (Table 5.5) and the best fit value of 
1.2 for Connectivity 1 is the same as that used in a best fit model for this species as part 
of a study by Cabeza (2003).   Repeating the calculations for Connectivity 1 using the 
best fit values resulted in a slight improvement in the significance of connectivity in the 
distribution of each butterfly and for C. rubi in particular, the percentage of variance 
explained.  However, the percentage of patches correctly classified remains the same 
(Table 5.6).  Thus, altering the alpha values seems to have little effect upon the overall 
outcome of the connectivity calculations. 
 
Table 5.5: "Best fit" alpha values 
Binary logistic regression was used to test the ability of connectivity to predict the occupancy of a patch.  This 
table shows the alpha values which gave the best fit between connectivity and patch occupancy for each species 
and the recommended alpha values estimated from mark-release recapture studies.  
 
Equation tested P. icarus C. pamphilus E. tages C. rubi 
Connectivity 1 1.2 0.4 0.5 0.4 
Connectivity 2 1.1 0.2 0.3 0.4 
Connectivity 3 1.1 0.2 0.3 0.3 
Connectivity 4 1.1 0.2 0.3 1.1 
Recommended values 1.5 1.7 2.0 2.0 
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Table 5.6: Patch occupancy versus connectivity using “best fit” alpha values 
Binary logistic regression was used to test the ability of patch connectivity to classify the differences between 
occupied and unoccupied patches when “best fit” alpha values were used in the calculations of Connectivity 1. 
From left to right the columns show the percentage of patches correctly classified, the coefficient and the standard 
error in the coefficient, the model Chi-squared statistic, the degrees of freedom and the P value.  The Cox and 
Snell and Nagelkerke R-squared statistics give conservative and liberal estimates respectively, of the variance 
explained by the model. 
R Square Species %  patches 
correctly 
classified 
Beta (SE) Model  
X2 
df P -2 Log  
Likelihood Cox & 
Snell 
Nagelkerke
P. icarus 67.6 0.301 (0.112) 10.196 1 0.001 124.505 0.095 0.130 
C. pamphilus 76.5 0.172 (0.048) 17.630 1 0.000 107.657 0.159 0.224 
E. tages  82.9 0.360 (0.127) 8.721 1 0.003 62.985 0.101 0.173 
C. rubi 81.7 0.354 (0.114) 12.312 1 0.000 62.644 0.139 0.233 
 
5.4 DISCUSSION  
5.4.1 Area 
Habitat fragmentation results in a reduction in the area of patches and an increase in 
distance between those patches (Pullin, 2002).  Urban habitats are amongst the most 
fragmented of all (Wood & Pullin, 2000) and therefore it is no surprise to find a large 
number of small sites amongst those sampled in this study.  More than 89% of patches 
are less than 10ha in area.  The range of patch sizes is somewhat greater than that given 
for urban wasteland areas in Birmingham and the Black Country’s Biodiversity Action 
Plan (Glaisher et al., 2000) and in a report by English Nature featuring a study of urban 
wasteland habitats in Birmingham, Liverpool and London (Harrison et al., 1995).  
However, the larger areas are most likely to be due to the inclusion of a number of 
patches comprising large grassland open spaces (e.g. Bury Hill Park, Clayhanger SSSI, 
Sandwell Valley Country Park, Saltwells Nature Reserve and Woodgate Valley Country 
Park).   
The results of data analysis in this West Midlands study suggest that patch area does not 
have a great deal of influence upon the distribution of P. icarus, E. tages or C. rubi in 
the West Midlands. As previously noted, these three species are known to be able to 
survive in small patches (Thomas, 1984; Warren, 1992a; Asher et al., 2001) and in the 
West Midlands region the majority of patches occupied by each species were less than 
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10ha4 (Figure 5.3).  E. tages and C. rubi in particular were often located within only 
very small areas of the patches sampled whereas P. icarus and C. pamphilus tended to 
be more widely distributed over patches.  It seems unlikely that this restriction in 
distribution was due to a difference in habitat as the patches were defined on the basis of 
their relative homogeneity (Chapter 2), though as Dennis et al., (2003) point out, one 
can only be sure that occupied areas contain all the resources required by that species.  
Apparently unoccupied areas may be unsuitable for reasons discernible only to the 
species concerned.  Occupation of small areas of patches could therefore, be due to 
differences in mobility.  Although none of the study species is particularly mobile 
(Dennis & Shreeve, 1997; Cowley et al., 2001b), E. tages and C. rubi are considered to 
be the least mobile of the four and therefore the resources used by larval and adult 
stages may be only metres apart (Cowley et al., 2001a; Cowley et al., 2001b).  
Alternatively, occupation of small areas of patches may simply be due to the seemingly 
small populations observed.  That is, there were only a few individuals each of which 
ranged only a few metres within each patch  
With a minimum occupied patch area of 0.12ha, C. pamphilus appears to be associated 
with slightly larger patches than the other three species.  However, the association was 
only weakly significant, with only 8% of the variation explained (Nagelkerke R-squared). 
Dennis and Eales (1997) for example, found that a significant association between area 
and the distribution of C. tullia (P < 0.0003) explained 29% of the variance though with 
areas ranging from 1ha to 170ha and a mean of 22ha, the patches studied were 
considerably larger than those considered in the West Midlands.  A more comparable 
study in terms of patch area perhaps, is that by Thomas et al., (2001) in which no 
significant associations were found between patches with means areas ranging from 
0.54ha to 6.57ha and occupancy for Melitaea cinxia, Thymelicus acteon or 
Polyommatus bellargus.  Similarly, in the USA, no significant associations between the 
area of patches ranging from 1ha to 8ha and the occupancy of Speyeria nokomis 
apacheana were noted by Fleishman et al., (2002).  
                                                 
4 The fact that the minimum and maximum areas of occupied and unoccupied patches are common to at 
least three of the butterflies under consideration in the West Midlands reflects the fact that many of the 
patches sampled were occupied by more than one of the target species.  For example, the “Tailings” and 
“Butterfly Meadow” Saltwells Nature Reserve and the “Conservation Area” at Baggeridge Country Park 
supported all four species whilst 15 other patches supported 3 of the species.  
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5.4.2 Connectivity 
The connectivity calculations appear to be relatively robust in terms of the number of 
years of BC data incorporated, whether the areas of patches are included or not, and the 
weighting of area.  This apparent lack of effect of area may in part be due to the fact that 
actual area data were only available for the patches sampled in the study and a mean 
area used for all the additional BC and Ecorecord records.  
5.4.2.1 The relationship between mobility and connectivity 
Changing the alpha values in the connectivity calculations seems to make little 
difference to the overall outcome.  The recommended alpha values provided by Wilson 
and Cabeza (pers comm, 2003) are based on MRR data for species in previous studies 
(e.g. Gutiérrez et al., 1999; Thomas et al., 2002; Wilson & Thomas, 2002) and 
information on the mobility ranking for each species obtained from an independent 
survey (Cowley et al., 2001a). With the exception of P. icarus, the alpha values that 
best fit the data are considerably lower than those recommended and used.  This 
suggests that the latter were not entirely appropriate for these species in the West 
Midlands conurbation.  Alternatively it may be that in this region at least, the butterflies 
are more mobile than is generally thought.  The latter may well be true for P. icarus 
which is possibly the most mobile of the four species (Pollard & Yates, 1995; Dennis & 
Shreeve, 1997) and to a lesser extent, for C. pamphilus.  Both species are documented 
as being able to colonise suitable habitat several kilometres away (Asher et al., 2001) 
and have been recorded widely throughout the West Midlands region.  Indeed, 
movements of up to several kilometres are thought to be relatively common even in so-
called “sedentary” species (Hanski et al., 2000; Petit et al., 2001).   However, it would 
seem less likely that E. tages and C. rubi are more mobile in the West Midlands than 
elsewhere given that the majority of local records are restricted to two areas in the west 
and north of the conurbation.  It also seems improbable that the species are constrained 
by a lack of available habitat in the region as apparently suitable patches are 
widespread.   Thus, the localised distribution may well be a consequence of the small 
populations formed by these species.  Fewer individuals produce fewer migrants and 
therefore it is less likely that new patches will be colonised.   
Although substituting “best fit” alpha values in the connectivity calculations resulted in 
a slightly improved significance between connectivity and butterfly distributions and 
increased the percentage variance accounted for, the overall results were not changed.  
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This confirms the robustness of the connectivity calculations and therefore their 
reliability.   
The hypothesis that connectivity decreases in importance with butterfly mobility is 
substantiated only in part, at least for the species in this study.  Connectivity does not 
result in a particularly high percentage of patches correctly classified for the most 
mobile of the four species, P. icarus.  The percentage is somewhat higher for C. 
pamphilus, which, according to the “recommended” alpha values, Pollard and Yates 
(1995) and Dennis and Shreeve (1997), is slightly less mobile than P. icarus, and 
considerably higher for the least mobile species E. tages and C. rubi.  Consequently, it 
might appear that connectivity does increase in importance as the mobility of the 
butterflies decreases.  However, closer examination of the binary logistic regression 
output for all four species showed the number of patches correctly classified by chance 
alone to be between 3% and 5% lower than the number correctly classified by 
connectivity in the case of P. icarus and C. pamphilus, and between 1% to 2% lower 
and higher for E. tages and C. rubi respectively.  Furthermore, though making a 
significant contribution to the distribution of all four butterflies (P < 0.005 for P. icarus, 
C. pamphilus and E. tages and P< 0.05 for C. rubi, Connectivity 1, ), the 
variance in the distribution explained was 13% for C. pamphilus and less than 10% for 
the remaining three species. 
Table 5.4
When considering isolation in relation to the distribution of C. tullia, classed as 
sedentary (Pollard & Yates, 1995), with similar dispersal abilities to E. tages and C. 
rubi (Dennis & Shreeve, 1997), Dennis and Eales (1997) find a significant association 
(P< 0.0002) which explains 30% of the variance.  A similarly significant relationship is 
found between isolation and the distribution of M. cinxia, P. bellargus and T. acteon 
which collectively, are in the same mobility classes as the species in this West Midlands 
study and also have similar dispersal abilities (Cowley et al., 2001a).   Goodman-
Kruskal gamma measures of overall association give the equivalent of 5%, 26% and 
15% of the variance in distribution explained respectively for M. cinxia, P. bellargus 
and T. acteon. These figures suggest that isolation is slightly more important for P. 
bellargus and T. acteon than for M. cinxia which is possibly slightly more mobile than 
the other two species, falling into the same classes as P. icarus (Pollard & Yates, 1995; 
Dennis & Shreeve, 1997).  Fleishman et al., (2002) find no relationship between 
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isolation of patches and the occupancy of S. nokomis, which is described as a strong 
flier.   
5.4.2.2 The importance of connectivity upon the distribution of the study species in the 
West Midlands 
Isolation as used in the studies by Dennis and Eales (1997) and Thomas et al., (2001), is 
measured as the distance to the nearest neighbouring patch and considered less likely to 
show any significant relationship to butterfly distribution than connectivity which takes 
into account the distance from the focal patches of all neighbouring patches (Moilanen 
& Nieminen, 2002).  Thus the relatively small contribution to the distribution of the 
West Midlands study species as indicated by the low percentage of the variance 
explained implies that connectivity is by no means the most important factor in the 
distribution of any of the butterflies in question.   
The connectivity values calculated for P. icarus are slightly higher than those for C. 
pamphilus suggesting that patches occupied by the former are slightly better connected 
in the West Midlands.  Certainly P. icarus was resident in a greater number of 
apparently suitable patches than C. pamphilus, many of which were exceedingly small.  
In this respect therefore, its ability to colonise and survive in small patches some 
distance from the natal patch, would in effect increase the availability of suitable habitat 
and therefore, connectivity.   
WallisDeVries (2004) finds that connectivity does not significantly explain the 
distribution of Maculinea alcon in the Netherlands, which is perhaps surprising given 
that this species moves no more than a few hundred metres in its lifetime.  One of the 
explanations proffered is that most patches are already so isolated as a result of habitat 
fragmentation that this sedentary species is now reliant upon patch quality and area 
alone for survival. 
Lack of habitat does not seem to be the limiting factor in the case of E. tages and C. 
rubi.  Low connectivity values (Figure 5.5) reflect the fact that these species are not 
particularly well connected in the landscape, but both seemed able to survive in small 
patches at least for the 3 years of the study period (in some cases, longer, according to 
local records).  Furthermore, there exists apparently suitable but unoccupied habitat 
patches sometimes in relatively close proximity to existing populations.  This suggests 
that lack of mobility may be the limiting factor in the distribution coupled with the 
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comparatively small number of individuals in each population i.e. small populations 
produce few migrants.     
5.4.3 Metapopulation structure 
According to Thomas (1995), Thomas and Hanski (1997) and Hanski (1998), 
metapopulations are characterized by:-  
i. occasional movements between local populations; 
ii. colonisations and extinctions; 
iii. the presence of suitable patches of habitat which are occupied as well as those 
which are not;  
iv. local populations occurring in groups rather than as single isolates.  
Evidence for dispersal of the study species between the patches sampled in the West 
Midlands conurbation would have provided confirmation of the existence of 
metapopulation structures (Thomas & Hanski, 1997) and could possibly have been 
established using a mark-release-recapture method (MRR) (Harrison et al., 1988) or by 
analysing the genetic differentiation between populations (Stacey et al., 1997).  As 
discussed in Chapter 2, neither was appropriate for this study and thus it is possibly only 
to speculate upon the existence of metapopulation structures based upon evidence that 
the remaining criteria listed above are met.   
Although not prerequisites to metapopulation structures (Thomas & Hanski, 1997), 
there appear to have been a number of extinctions and colonisations in the region for all 
species as indicated by the historical records.  Furthermore, one or two of the patches 
sampled during the study period on the basis of historical populations were found to be 
unoccupied, including one each for E. tages and C. rubi (Fens Pools and Hawne 
Colliery in Dudley).   
Apparently suitable but unoccupied patches existed for all four species, and local 
populations tended to occur in groups rather than as single isolates.  These features were 
particularly noticeable for E. tages and C. rubi, which in the West Midlands, are 
grouped in the north and west of the conurbation.   
All four species therefore apparently meet the remaining criteria for a metapopulation 
structure though given their low mobility, tendency to form small colonies and 
extremely localised distribution, E. tages and C. rubi seem the most likely candidates. 
Indeed previous work has indicated that the persistence of E. tages in a fragmented 
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landscape in North Wales may be dependent upon metapopulation processes (Gutiérrez 
et al., 1999) 
5.5 CONCLUSION 
This chapter suggests that the area of the patches sampled is not a significant factor in 
the distribution of the butterflies in the West Midlands conurbation, with the exception 
of C. pamphilus, although the association with the latter is not particularly strong.  All 
four butterfly species are capable of occupying extremely small patches but most notably 
P. icarus, E. tages and C. rubi. 
Connectivity on the other hand is a significant factor and there is evidence that it is the 
more connected patches that are likely to be occupied.  Nevertheless, the influence of 
connectivity upon the distribution of the butterflies is relatively weak.  
There is evidence to suggest also that all four species may exist as metapopulations, 
particularly E. tages and C. rubi though this can not be confirmed without further study 
of dispersal patterns of these species in the West Midlands conurbation. 
(WallisDeVries, 2004) 
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CHAPTER 6: COMPARING PATCH QUALITY, CONNECTIVITY AND AREA 
CHAPTER 6:  COMPARING THE EFFECT OF  
HABITAT QUALITY, CONNECTIVITY AND AREA  
ON PATCH OCCUPANCY 
6.1 INTRODUCTION 
The Theory of Island Biogeography (MacArthur & Wilson, 1967) changed the face of 
ecological research during the latter part of the twentieth century.  It asserts that the 
number of species on an island is determined by a balance between colonization and 
extinction, dependent upon distance and area respectively (Hanski & Gilpin, 1997; 
Hanski, 1999; Harrison & Bruna, 1999).  Apart from suggesting an explanation for 
the effects of habitat fragmentation, it identified the spatial configuration of habitats 
as having an important influence upon species diversity and persistence and was the 
first theory to suggest that a general ecological model could lead to conservation 
recommendations (Harrison & Bruna, 1999).  Though island biogeography has faded 
from the scene somewhat, it formed the basis of modern landscape and 
metapopulation ecology and has spawned numerous theoretical and empirical studies 
(Hanski & Gilpin, 1997; Hanski, 1999; Harrison & Bruna, 1999).  Thus, it is well 
known that in a fragmented landscape a small and/or isolated habitat patch is far less 
likely to be occupied and able to support a population in the long term than a large 
patch, or one which is in close proximity to another (e.g. Dempster, 1989; Thomas & 
Harrison, 1992; Warren, 1992; Thomas & Jones, 1993; Hanski & Thomas, 1994; 
Feber & Smith, 1995; Hanski et al., 1995; New et al., 1995; Hill et al., 1996; Hanski 
& Gilpin, 1997; Harrison & Bruna, 1999; Wheater, 1999; Asher et al., 2001).  
Recognition of this and the fact that the more "traditional" approach to butterfly 
conservation was meeting with only limited success, saw the emergence in the 1980s 
and 90s of a more landscape-oriented approach to research and conservation.  Instead 
of identifying species' key requirements with a view to maintaining or recreating 
suitable habitat and/or improving quality at individual habitat patches, researchers 
turned their attentions to the spatial dynamics of groups of patches across wider areas 
(Hanski & Thomas, 1994; New et al., 1995; Thomas, 1995b; Thomas & Hanski, 
1997; Wiens, 1997; Asher et al., 2001).   
However, metapopulation studies in particular (e.g. Hanski & Thomas, 1994; Hanski 
et al., 1995; Hanski & Gilpin, 1997; Hanski, 1998; Hanski et al., 2000), have been 
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criticised for their tendency to focus upon the size and isolation of habitat patches, 
largely ignoring the condition and organisation of resources within each of them 
(Dennis & Eales, 1997; Thomas et al., 2001; Fleishman et al., 2002; Dennis et al., 
2003; WallisDeVries, 2004).  In an attempt to address such comments, Moilanen and 
Hanski (1998) demonstrate that incorporating environmental factors (i.e. quality) in 
an extinction-colonisation based incidence function model for the occupancy of 
patches by Melitaea cinxia does little to improve the fit of the model.  On this basis, 
the need to include quality in future models is dismissed despite acknowledgement by 
the authors that inaccuracies in the data used, disparities in the scales of that data, 
problems with habitat classification and modelling the migration of the species in 
question may all have contributed to the lack of improvement in the model.   
Clearly, as WallisDeVries (2001) points out, the results of one study do not mean that 
habitat quality is not important in the distribution of butterflies and other species.  A 
number of authors recognised that regardless of its size, the viability of a patch can be 
adversely affected even by a slight deterioration in quality (Hill et al., 1996; Clarke et 
al., 1997; Dennis & Eales, 1997; Moilanen & Hanski, 1998).  Despite these 
observations, habitat quality of patches is generally assumed to be homogeneous (e.g. 
Hanski & Thomas, 1994; Hanski & Gilpin, 1997; Thomas & Hanski, 1997) or at best, 
quantified (either directly or indirectly) by the area of a patch and/or the abundance or 
density of larval foodplant(s) within a patch  (e.g. Harrison et al., 1988; Hanski et al., 
1995; Moilanen & Hanski, 1998; Fred & Brommer, 2003).  Declines in habitat quality 
are considered to be the cause of the majority of butterfly population and species 
extinctions (Hanski & Thomas, 1994; Hanski, 1998).  Nonetheless, it is only recently 
that studies have begun to examine the combination of quality, size and isolation, 
showing that for some species habitat quality may be equally, if not more important to 
persistence than size and isolation (New et al., 1995; Hill et al., 1996; Dennis & 
Eales, 1997; Bastin & Thomas, 1999; Gutiérrez et al., 1999; Summerville & Crist, 
2001; Thomas et al., 2001; Fleishman et al., 2002; Summerville & Crist, 2004; 
WallisDeVries, 2004).  From a conservation point of view, it is important to 
understand both the relationship between habitat quality, size and connectivity, and 
which of these factors is in operation at any one or group of patches (Anthes et al., 
2003).  For example, patches which are too distant from colonised patches may 
remain unoccupied regardless of their suitability (Harrison et al., 1988; Hanski & 
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Thomas, 1994), in which case, there is little point in expending limited resources in an 
attempt to improve or maintain their quality unless connectivity is also improved.   
Ideally, one would wish to conserve habitat quality, connectivity and area of all sites 
of note within as large an area as possible.  However, there are a number of reasons 
why this might be impractical.  Sites of interest are often under the ownership and/or 
control of different local authorities and/or conservation bodies (the West Midlands 
conurbation for instance, comes under the jurisdiction of Birmingham and 
Wolverhampton City Councils, and Dudley, Sandwell and Walsall Metropolitan 
Borough Councils) making coordination of conservation efforts problematic.  
Resources are also frequently a limiting factor to conservation whatever the 
ownership and status of sites, and the reality is that wildlife trusts, conservation 
officers, site managers and owners alike, are generally faced with decisions as to 
conservation priorities.  For example, the current government policy of developing 
brownfield sites in order to protect greenbelt land means that authorities are under 
pressure to sell or reclaim derelict land for residential or industrial development 
(Freeman, 1999; Anon., 2000; Glaisher et al., 2000; WMBC, 2001).  Assessments 
may have to be made as to the conservation value of these sites not only as self-
contained habitat patches but in relation to other sites.  Decisions may have to be 
taken as to whether to conserve several small, relatively well-connected patches of 
high quality, or to focus upon a single patch, which is larger but slightly less well-
connected and of lower quality.  Furthermore, a number of species, rather than a 
single species, may have to be taken into account.  A review of literature surrounding 
the SLOSS debate shows that the question as to whether it is preferable in terms of 
species numbers and persistence to have a Single Large Or Several Small sites 
(Ovaskainen, 2002) has not been answered despite numerous studies.  However, the 
review indicates that the debate is almost entirely centred around site (patch) size and, 
to a lesser extent, distance between sites.  Habitat quality is not considered.  The 
debate has to some extent been laid to rest and yet in reality, the problem still exists.  
An understanding of the importance of habitat quality, patch size and connectivity in 
the distribution of a species may help to inform conservation decisions such as these. 
Chapters 3 and 4 showed how habitat quality for each of the species in the study was 
measured, and quality indices devised and compared using the data obtained.  Chapter 
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5 dealt with measuring connectivity and area.  This chapter aims to establish the 
relative contribution of each parameter in the current distribution of Polyommatus 
icarus, Coenonympha pamphilus, Erynnis tages and Callophrys rubi, and attempts to 
construct a model that predicts the habitat quality, connectivity and/or area necessary 
for patches to be occupied by these species.   
6.2 METHODS  
6.2.1 Comparing quality, connectivity and area as single independent variables 
Quality, connectivity and area were each entered as single independent variables into 
single entry binary logistic regression analyses as described in Chapters 4 and 5 to 
examine the ability of each to predict the presence or absence of P. icarus, C. 
pamphilus, E. tages and C. rubi.  The quality values for each of the sampled patches 
used in the analysis were those from the Detailed Sampling Assessment Index 4, 
generated when only variables present in more than 20% of patches were entered into 
discriminant function analysis (DFA) (Chapters 3 and 4).  This was considered to be 
the most robust and conservative of the four quality indices constructed using DFA as 
well as the most ecologically sound.  The Visual Scores for each patch were also 
compared as an independent check of the accuracy of the more mathematical Detailed 
Sampling Method.  The connectivity scores used were those from Connectivity 1 in 
which all area data from sampled patches were entered for each species, along with 
records from Ecorecord and Butterfly Conservation from 1999 and 2000 as described in 
Chapter 5.   
6.2.2 Creating a model to predict patch occupancy  
The analyses described above indicated that the two most important factors emerging 
from this study are habitat quality and patch connectivity.  Accordingly a model was 
devised using discriminant function analysis to show the relationship between quality 
and connectivity for each butterfly, and to predict the quality and connectivity 
required for patch occupancy. 
Discriminant function analysis was chosen over binary logistic regression to produce 
this model because it uses a cross-validated score to calculate the success of the 
analysis (in this instance, the number of patches correctly classified).  This “leave-
one-out classification” method classifies cases (patches) according to the coefficients 
159 
CHAPTER 6: COMPARING PATCH QUALITY, CONNECTIVITY AND AREA 
calculated for all cases except the one being classified, and is equivalent to using two 
separate datasets to calculate and compare the score.  DFA is also a linear model 
(BLR is not linear but fits an S-shaped curve) which fits a straight line to the data and 
is therefore relatively straightforward to interpret graphically. 
For each species, the quality values from the Detailed Sampling Assessment Indices 4 
and the connectivity values from Connectivity 1 were entered into a single entry 
discriminant function analysis as independent variables.  The presence or absence of 
the species in question was used as the dependent variable.  The same quality and 
connectivity scores were also plotted onto a scatter graph.  
The unstandardised coefficients for quality, connectivity and the constant from each 
analysis were used as follows:- 
Example: Calculating a model of Quality versus Connectivity for P. icarus  
The equation for the Discriminant Function has the form 
 Y = f0 + f1X1 + f2X2 + f3X3 ............. fnXn  
where Y is the discriminant score, X is the variable value, f0 is the constant and f is the 
function coefficient for each variable 
Therefore using only quality and connectivity as variables   
 Y = f0 + f1Quality + f2Connectivity 
Model of Quality versus Connectivity for P. icarus  
Using DFA 4, if the function coefficients for P. icarus are:  
 constant = –0.083;  
 quality = 0.986;  
 connectivity = 0.03;  
 then 
 Y = –0.083 + (0.986 Quality) + (0.03Connectivity) 
(NB: quality scores for P. icarus range from -4 to 5; connectivity values range from 0 to 10.15) 
The condition for patch occupation according to the model is  
 Y > 0  
 therefore  
 –0.083 + (0.986Quality) + (0.03Connectivity)  > 0 
 (0.03Connectivity) > –0.083 – (0.986Quality) 
  Connectivity   > (–0.083/0.03) – (0.986Quality/0.03) 
Therefore the condition for patch occupancy is 
  Connectivity  > 2.7667 – (30.1Quality) 
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The model can be used in conjunction with the mean quality scores for occupied and 
unoccupied patches to calculate the connectivity that would result in these patches 
being occupied by the species in question.   
Using the Discriminant Function DFA 4 for P. icarus, the mean quality scores for occupied 
and unoccupied patches given by group function centroids are 
unoccupied patches = –1.5;  
occupied patches = 0.9 
Thus 
 a patch with a quality score of 0.9 (i.e. a suitable patch) is occupied if connectivity  
  > 2.7667 – (30.1 × 0.9)  
  > –24.3 
 a patch with a quality score of –1.5 (i.e. an unsuitable patch) is occupied if connectivity 
  > 2.7667 – (30.1 × –1.5)  
 >  47 
i.e. patches of unsuitable quality are predicted to be occupied only if they are astonishingly 
well-connected.  
 
6.3 RESULTS 
6.3.1 Comparing quality, connectivity and area as single independent variables 
A summary of the results detailed in Chapters 4 and 5 is shown in Table 6.1.  Figure 
6.1a is a graphical representation of the same results i.e. the percentage of patches 
correctly classified by each parameter tested.  Figure 6.1b and c show the Cox & Snell 
and Nagelkerke R-squared values respectively, conservative and more liberal 
estimations of the percentage of the variance explained by each parameter (SPSS, 
1999).  Table 6.1 and all three charts show that of the three parameters tested, quality 
accounts for the highest percentage of patches correctly classified and the variance 
explained.  Of the two indices compared for each butterfly, the Detailed Sampling 
Assessment Index gives the best results for all species, with more than 80% of patches 
correctly classified and between 21% and 56% of the variance explained at the most 
conservative estimate (Cox and Snell, R-squared).  With the exception of C. 
pamphilus, the Visual Assessment Index accounts for a similarly high percentage of 
the patches correctly classified for each species.  The percentage of the variance 
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accounted for by the Visual Assessment Index is also similar to that for the Detailed 
Sampling Index ranging from 20% to 45% (Cox and Snell, R-squared).    
Table 6.1: Comparison of quality, connectivity and area  
This table summarises the ability of habitat quality, connectivity and area to classify the differences 
between occupied and unoccupied patches.  Each parameter was entered separately into a single entry 
binary logistic regression.  From left to right the columns show the percentage of patches correctly 
classified, the coefficient and the standard error in the coefficient, the model Chi-squared statistic, the 
degrees of freedom and the P value. The Cox and Snell and Nagelkerke R-squared statistics give 
conservative and liberal estimates respectively, of the variance explained by the model.  For each 
species, the quality indices used were DFA 4 and the Visual Assessment Index (Chapter 4) and 
Connectivity Calculation 1 (Chapter 5). (non significant values are shown in grey) 
 
R-squared 
Sp
ec
ies
 Parameter 
Tested 
%  patches 
correctly 
classified 
Beta (SE) Model 
X2 
df P -2 Log  
Likelihood Cox & 
Snell 
Nagelkerke
Detailed sampling 89.2 2.417 (0.482) 84.018 1 0.000 50.683 0.561 0.766 
Visual Assessment 86.3 2.829 (0.538) 61.948 1 0.000 72.753 0.455 0.621 
Connectivity 67.6 0.385 (0.148) 9.975 1 0.002 124.726 0.093 0.127 
P.
 ic
ar
us
 
Area 62.7 0.000 (0.000) 0.001 1 0.973 134.700 0.000 0.000 
Detailed sampling 81.4 1.733 (0.360) 44.416 1 0.000 80.871 0.353 0.499 
Visual Assessment 70.6 1.769 (0.428) 23.751 1 0.000 101.535 0.208 0.294 
Connectivity 76.5 0.449 (0.130) 14.084 1 0.000 111.203 0.129 0.182 
C.
 p
am
ph
ilu
s 
Area 68.6 0.000 (0.000) 6.396 1 0.011 118.891 0.061 0.086 
Detailed sampling 96.3 4.103 (1.516) 56.309 1 0.000 15.398 0.497 0.852 
Visual Assessment 89.0 4.174 (1.195) 36.184 1 0.000 35.523 0.357 0.612 
Connectivity 82.9 0.805 (0.288) 7.803 1 0.005 63.904 0.091 0.156 
E.
 ta
ge
s 
Area 84.1 0.000 (0.000) 2.897 1 0.089 68.810 0.035 0.060 
Detailed sampling 87.8 1.310 (0.404) 19.759 1 0.000 55.196 0.214 0.357 
Visual Assessment 92.7 5.394 (1.599) 37.062 1 0.000 37.893 0.364 0.607 
Connectivity 81.7 0.840 (0.368) 5.080 1 0.024 69.876 0.060 0.100 
C.
 ru
bi
 
Area 84.1 0.000 (0.000) 1.913 1 0.167 73.042 0.023 0.038 
 
Connectivity is significant for all four species (P <0.05) and after habitat quality, 
accounts for the next highest number of patches correctly classified for P. icarus and 
C. pamphilus, though the percentage of the variance explained for all species is 
considerably lower than that for either the Detailed Sampling or Visual Assessment 
Quality indices (6% to 12%, Cox and Snell, R-squared).  Area accounts for a slightly 
higher percentage of patches correctly classified for E. tages and C. rubi than 
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connectivity, but is significant only for C. pamphilus (P < 0.05).  It accounts for less 
than 10% of the variance for C. pamphilus, E. tages and C. rubi and none of the 
variance for P. icarus (Cox and Snell, R-squared). 
 
a.  Percentage of patches correctly classified 
 
 
b. Cox & Snell R-squared   c. Nagelkerke R-squared   
Figure 6.1: Comparison of Habitat Quality, Connectivity and Area 
These figures summarise the ability of habitat quality, connectivity and area to classify the differences 
between occupied and unoccupied patches.  Each parameter was entered separately into a single entry 
binary logistic regression ( ).  In order, the figures show the percentage of patches correctly 
classified (a), and the Cox and Snell and Nagelkerke R squared (b & c), conservative and liberal 
estimates of the variance explained. White bars represent Detailed Sampling Assessment Quality Index 
(DFA 4), grey dashed bars the Visual Assessment Quality Index, grey solid bars Connectivity 1 and 
black solid bars, area.  *** P ≤ 0.001, ** ≤ 0.005, * P ≤ 0.05, NS = not significant. 
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6.3.2 A model predicting patch occupancy  
All four models constructed using habitat quality and patch connectivity significantly 
explain the distribution of each butterfly (P < 0.001) and account for more than 80% 
of patches correctly classified for P. icarus, C. pamphilus and C. rubi and more than 
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90% for E. tages (Table 6.2).  Between 29% and 59% of the variance is explained by 
each model (Wilks’ lambda gives the variance not explained by each model).  
Including the area of each patch in the model did not bring about any substantial 
improvement to any of these results and in some instances, the model fit was worse 
than when quality and connectivity only were included.  Similarly, a fourth “resource 
area” variable produced by multiplying the quality score for each patch by the area 
improved neither the percentage of patches correctly classified nor the model fit when 
entered as a separate independent variable or, in various combinations with 
connectivity and area.  
Table 6.2: Patch occupancy versus habitat quality in combination with 
connectivity  
This table summarises the ability of habitat quality and connectivity in combination to classify the 
differences between occupied and unoccupied patches.  Quality scores from DFA 4 and Connectivity 1 
were entered together into a single entry discriminant function analysis.  In order the columns show the 
percentage of patches correctly classified, the variance not explained by the analysis (Wilks’ lambda), 
the degrees of freedom (df) and the significance of the discriminant function (P value).  The 
unstandardised canonical coefficients are given for each variable.  The positive coefficients indicate 
that patch occupancy increases as the quality or connectivity increases. 
 
Unstandardised canonical 
coefficients Species 
% patches 
correctly classified
(cross-validated) 
Wilks’ 
λ 
df P 
Quality Connectivity Constant
P. icarus 87.3 0.414 2 0.000 0.986 0.030 -0.083 
C. pamphilus 83.3 0.625 2 0.000 0.865 0.214 -0.440 
E. tages 96.3 0.450 2 0.000 0.981 0.076 -0.040 
C. rubi 86.6 0.714 2 0.000 0.906 0.460 -0.208 
 
The results of the model calculations for each butterfly are shown in Table 6.3 and 
Figure 6.2.  The former shows the connectivity scores required in order for patches of 
quality n to be occupied by each of the study species.  The lower the quality score the 
higher the connectivity score required and vice versa.  Clearly in a real landscape 
there is no such thing as negative connectivity and therefore the negative connectivity 
values can in effect, be taken as zero.  The combined quality and connectivity scores 
that divide occupied from unoccupied patches are represented by the dashed line 
across each scatter graph (Figure 6.2).  According to the model, patches to the left of 
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the line will be unoccupied, patches to the right occupied.  The closer to vertical the 
model line, the less influence connectivity has upon presence/absence, whilst the 
more diagonal the line, the greater the influence.  
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Figure 6.2: Habitat Quality versus Connectivity 
For each patch, connectivity is plotted against habitat quality.  Solid diamonds represent occupied 
patches and open circles, unoccupied patches.  The dashed line represents the predicted division 
between occupied (upper right) and unoccupied (lower left) patches.  The prediction was given by the 
combined habitat/connectivity model formulated using discriminant function analysis.   
 
Figure 6.2 shows that for all species, there are patches which are “misclassified” 
according to the model; that is, patches which are to the left of the dashed line but 
occupied, and vice versa.  In some cases these misclassifications are extreme.  For 
example, for P. icarus, C. pamphilus and C. rubi there are a number of patches which 
have low quality and connectivity scores and yet are still occupied.  C. pamphilus has 
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the highest incidence of patches with moderate quality and connectivity scores which 
are not occupied.   
 
Table 6.3:  The minimum connectivity required for patch occupancy 
According to the combined habitat quality/connectivity model (Section 6.2.2), the minimum 
connectivity required for patch occupation depends upon the habitat quality of a patch.  For a variety 
of habitat qualities (column 1), the minimum connectivity required for patch occupation is shown for 
each species (columns 2-5).   
 
Connectivity score required for patch occupation 
Quality Score P. icarus C. pamphilus E. tages C. rubi 
-4.0 123.167 18.224 51.106 7.426 
-3.5 108.117 16.203 44.652 6.441 
-3.0 93.067 14.182 38.198 5.456 
-2.5 78.017 12.161 31.744 4.472 
-2.0 62.967 10.140 25.290 3.487 
-1.5 47.917 8.119 18.836 2.502 
-1.0 32.867 6.098 12.382 1.517 
-0.5 17.817 4.077 5.928 0.533 
0.0 2.767 2.056 -0.526 -0.452 
0.5 -12.283 0.035 -6.980 -1.437 
1.0 -27.333 -1.986 -13.434 -2.422 
1.5 -42.383 -4.007 -19.888 -3.406 
2.0 -57.433 -6.028 -26.342 -4.391 
2.5 -72.483 -8.049 -32.796 -5.376 
3.0 -87.533 -10.070 -39.250 -6.361 
3.5 -102.583 -12.091 -45.704 -7.345 
4.0 -117.633 -14.112 -52.158 -8.330 
4.5 -132.683 -16.133 -58.612 -9.315 
5.0 -147.733 -18.154 -65.066 -10.300 
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Of the two parameters used in the model, habitat quality has by far the greatest 
influence upon the distribution of all four butterflies as shown by the correlation 
coefficients1 from the DFA (Table 6.4).  In general, patches with a quality score of 
greater than zero tend to be occupied whereas those with a quality score of less than 
zero tend to be unoccupied.  However, this trend is strongest for P. icarus and to a 
lesser extent C. pamphilus, and is far less clear for E. tages and C. rubi.  For instance, 
for P. icarus, an unoccupied patch with a quality score of -1.5 (equivalent to the mean 
quality score for all unoccupied patches) would require a connectivity score of 47.92 
in order to be occupied.  This score is unrealistic, since as Table 6.1 and Figure 6.2a 
show, the highest connectivity score for P. icarus is just over 10.  The disparity 
between the model and the actual scores suggest that connectivity has little influence 
upon the distribution of this butterfly 
Connectivity scores for C. pamphilus are lower than those for P. icarus indicating that 
occupied patches are less well-connected in the West Midlands conurbation.  The 
more diagonal model line (Figure 6.2b) implies a greater trade off between quality 
and connectivity and there are several patches with low quality scores (<1) that may 
be occupied as a result of reasonably high connectivity.  That is, poor quality may be 
offset to some degree by good connectivity.  
 
Table 6.4: The contribution of habitat quality and connectivity to the combined 
model 
In discriminant function analysis, the structure matrix gives the correlation between each variable and 
the discriminant function.  This specifies the contribution of the variable to the discriminant function.  
This table shows these correlations for each species. 
 
Correlation Coefficient 
Species Quality Connectivity 
P. icarus 0.998 0.247 
C. pamphilus 0.933 0.527 
E. tages 0.998 0.332 
C. rubi 0.951 0.444 
 
                                                          
1 The correlation coefficients indicate the contribution made to the analysis by each parameter 
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6.4 DISCUSSION  
6.4.1 Comparing the relative importance of quality, connectivity and area  
The comparisons of quality, connectivity and area indicate that habitat quality has by 
far the most important influence upon the distribution of each of the butterflies.  
When compared individually with patch connectivity or area, quality accounts for 
both a higher percentage of the patches correctly classified and the variance explained 
(Table 6.1 and Figure 6.1).  This is also confirmed by the model (Section 6.2.2) which 
uses quality and connectivity as predictors of patch occupancy.  Of the two 
parameters, habitat quality has considerably greater effect in determining the presence 
or absence of all species as shown by the structure matrix coefficients for each model 
(Table 6.4) and the model lines in the scatter graphs (Figure 6.2).  According to the 
model, connectivity is almost irrelevant to P. icarus and E. tages in that patches 
which are only just classed as unsuitable quality (e.g. <0 but > -0.25) would need an 
unrealistically high connectivity in order to be occupied.  On the other hand, for C. 
pamphilus and C. rubi, connectivity exerts a significant effect on patches of low to 
medium quality.  This is shown graphically in Figure 6.2 by the greater inclination of 
the model line separating occupied from unoccupied patches for these two species.  
For example, patches which are only just of suitable quality (i.e. 0 to 1) can be 
unoccupied if they are poorly connected, whilst patches of slightly less than suitable 
quality (-1 to 0) can be occupied if they are well connected. 
These conclusions have implications for conservation.  Habitat quality is the key 
factor to be taken into consideration for all species.  However, according to the model, 
with respect to P. icarus and E. tages, connectivity can be largely ignored.  This result 
is entirely convincing for P. icarus as both this species and its habitat are well-
distributed throughout the region such that accessibility is currently not an issue2.  It is 
also the most mobile of the four species (Cowley et al., 2001b).  However, the same 
cannot be said for E. tages, and to discount connectivity as a factor influencing the 
persistence of this species would be to disregard both accepted knowledge concerning 
the its behaviour and the observations made during this study.  For example, of the 
four species, E. tages is probably the most sedentary (Cowley et al., 2001b) and 
                                                          
2 That is not to say that it would not become an issue in the future if a sufficient number of habitats and 
populations were lost.  
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considered unlikely to colonise new habitats unless they are close to existing 
populations (Asher et al., 2001).  Patches occupied by E. tages in the West Midlands 
are extremely localised and restricted to the north and west of the conurbation even 
though apparently suitable habitat exists throughout (E. tages occupies similar habitat 
to P. icarus and without exception, patches occupied by E. tages were also occupied 
by P. icarus).   
One interpretation of the results is that connectivity between occupied patches is 
simply no longer high enough in the West Midlands to be important in the distribution 
of E. tages.  The butterfly is known to have declined in the region and is now a BAP 
priority species (Loram, 2004 in prep.,). Even during the three years of this study, two 
historically known patches were lost.  Thus, it may be that the currently occupied 
patches constitute a remnant of a once more extensive network of patches in which 
connectivity was indeed important.  That is, these patches were colonised at a time 
when they were not so isolated (Thomas, 1995a).  However, with subsequent loss of 
habitat, populations may now be almost entirely dependent upon the quality within 
those patches for persistence.  WallisDeVries (2004) makes similar observations with 
respect to the distribution of Maculinea alcon in the Netherlands.  Hanski (1997) 
refers to the “living dead”, a state in which patches are so fragmented that they cannot 
support a viable metapopulation, which is therefore bound to become extinct if the 
fragmentation of habitat is not reversed.  Another possible explanation for the 
insignificance of connectivity is that the populations at the sampled patches are too 
small to facilitate colonisation of nearby patches of suitable habitat.  E. tages is 
known to form extremely small colonies although the “fewer than 50 individuals” 
cited by Asher et al., (2001), seems large in the context of the patches sampled in the 
West Midlands, where fewer than 5 individuals at any one time were observed.   
Thus in summary, it seems that connectivity is apparently unimportant in the 
distribution of both P. icarus and E. tages, but for entirely opposite reasons; P. icarus 
because it is so well distributed throughout the landscape in terms of occupied patches 
and E. tages, because it is so poorly distributed and because populations in occupied 
patches are too small to facilitate emigration and colonisation of other patches. 
With respect to C. pamphilus and C. rubi, the model shows that connectivity has some 
importance and thus should be taken into account when deciding whether to conserve, 
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improve or abandon a patch.  Little is known about the mobility of either butterfly, 
though both are classed as sedentary (Pollard & Yates, 1995).  C. pamphilus is 
probably slightly more mobile than C. rubi (Cowley et al., 2001b) and is thought to be 
capable of moving some distance, with individuals having been recorded several 
kilometres from known populations (Asher et al., 2001).    
C. rubi also has a similarly localised distribution in the West Midlands to E. tages.  
However, it is considered to be slightly more mobile (Cowley et al., 2001b) and 
despite forming similarly small populations, some dispersal from breeding sites is 
thought to occur in most years (Asher et al., 2001).  Connectivity would seem to have 
a slightly greater bearing upon the distribution of C. rubi than E. tages despite the 
generally lower connectivity scores (Figure 6.2d).    
As far as E. tages and C. rubi are concerned, the results of the comparisons of quality 
and connectivity are not totally unambiguous, particularly for E. tages.  When entered 
into the model in combination with quality, the effect of connectivity is shown to be 
almost negligible.  However, when variables are taken independently, connectivity is 
more important for E. tages than C. rubi, which agrees more with common sense and 
accepted wisdom regarding these two species.  In view of the small sample size used 
to inform the model (14 occupied patches) and the apparent conflicts between the 
model results and accepted knowledge, the predictions for this species should be 
regarded with caution.  The model incorporates the fact that many of the patches 
occupied by E. tages had very low connectivity values.   
Although quality is still the overriding factor influencing patch occupancy by the 
study species, the fact that between 28% and 58% of the variance in the distribution of 
the West Midlands species remains unexplained by quality and connectivity models 
(Wilks’ Lambda, Table 6.2) suggests that other factors which have not been measured 
are involved.  These may include patch factors, such as the presence or absence of a 
particular feature (e.g. perching posts, roosting sites etc), the abundance of a certain 
resource, the history of occupation and/or management, abundance of a species both 
within a patch and within the landscape, and the mobility of each species.  Features of 
the landscape may also influence the distribution of species such as the permeability 
of the matrix surrounding patches, the permeability or quality of the patch boundary 
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and/or the quality of surrounding habitat (Moilanen & Hanski, 1998; Ricketts, 2001; 
Fleishman et al., 2002; Schtickzelle & Baguette, 2003). 
6.4.2 Other studies comparing quality, isolation/connectivity and area  
A number of studies have assessed either the effect of habitat quality (e.g. Pywell et 
al., 2004; WallisDeVries, 2004), or that of isolation and/or area upon the distribution 
of butterflies (e.g. Hill et al., 1996; Summerville & Crist, 2001).  However, studies by 
Dennis and Eales (1997), Thomas et al., 2001, Fleishman (2002), Anthes et al., 
(2003) and WallisDeVries (2004) are of particular interest to this project as they 
compare the effect of all three parameters simultaneously, in each case finding quality 
to be a far better indicator of butterfly distributions than either isolation or area.  Two 
further studies by Fred and Bonner (2004) and Summerville and Crist (2004) are also 
worthy of note.   
In the first of these studies, Dennis and Eales (1997) find that differences in habitat 
quality account for patch occupancy of Coenonympha tullia at 166 sites in 
Northumberland as successfully (R-squared  = 48%) as isolation and size combined 
(R-squared  = 46%).   Together, quality, isolation and size accounted for 61% of the 
variance in distribution, with 88% of patches correctly classified in discriminant 
function analysis.  The habitat quality index was constructed using a patch attribute 
method similar to that used in the West Midlands although more patches were 
correctly classified and more variance in distribution explained.   As discussed in 
Chapter 4, this is almost certainly due to the availability of more accurate information 
at the start of the study regarding the habitat preferences of C. tullia (which are very 
different from any of the species in this West Midlands study, including C. 
pamphilus).  The results for habitat quality calculated using the Detailed Sampling 
Assessment methods are more consistent with those of Dennis and Eales than those of 
the Patch Attribute Assessment, though the latter is more alike in terms of method.   
The variance explained by isolation and area of the C. tullia patches are also 
considerably higher than those for the connectivity and area of the West Midlands 
patches.  Entering the connectivity values and areas for patches sampled for P. icarus, 
C. pamphilus, E. tages and C. rubi into a single entry binary logistic regression results 
in a correct classification of between 68% and 81% of patches occupied by each of 
the study species, but accounts for only 13% to 31% of the variance explained at the 
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most liberal estimate (Nagelkerke R-squared).   This difference in result could be in 
part due to the methodology used.  Dennis and Eales use the distance to the nearest 
neighbouring occupied patch as a measure of isolation rather than the distance of all 
the neighbouring patches i.e. connectivity.  Furthermore, their study was carried out 
on a much larger scale than this West Midlands study in that patches are much larger 
in area (between 1ha and 170ha, in contrast to 0.03ha to 30ha) and the distances 
between those patches considerably greater (10km to 30km).  One of the most isolated 
patches in the West Midlands study, Sutton Park, occupied by C. rubi was 6.5km 
from the nearest known occupied patch.  Last but not least, C. tullia is reputedly less 
mobile than even the most sedentary of the West Midlands study species (E. tages) 
(Cowley et al., 2001a), therefore isolation may have a greater impact upon its 
distribution. 
Thomas et al., (2001), find that occupation of patches by M. cinxia, Polyommatus 
bellargus and Thymelicus acteon in central southern England was significantly 
associated with quality (P < 0.0001) and to a lesser extent isolation (P < 0.042, 0.001 
and 0.008 respectively) and not at all with area.  Quality had a predictive association 
equivalent to an R-squared value of 38%, 72% and 54% respectively, but these values 
were only improved by between 4% and 10% by the addition of isolation.  Area 
explained an equivalent of less than 2% of the variance in distribution.  These results 
are very similar to those calculated in the West Midlands and the methods used not 
dissimilar though again the study was more informed from the outset with respect to 
the requirements of each species.  Thus, on the basis of data from previous studies, 
habitat quality was measured using a detailed vegetation quadrat sampling method to 
assess the abundance, growth stages and/or conditions of the larval foodplants in 
relation to the presence, density and abundance of each butterfly species.  As with 
Dennis and Eales’ study of C. tullia, isolation was calculated as the distance from the 
nearest neighbouring patch, though patches were much closer together (<3.7km) and 
were on average smaller (a mean of 6.57ha or less).  Whilst any of the species studied 
in the West Midlands would thrive in the calcareous grasslands occupied by M. 
cinxia, P. bellargus and T. acteon, the ecological niches of the latter are much 
narrower and consequently the authors were able to encompass the entire UK range of 
M. cinxia, and T. acteon and the stronghold of P. bellargus in their study.   
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Fleishman et al., (2002) found a number of variables used as measures of habitat 
quality had a far greater influence upon the turnover in occupancy over 6 years in a 
metapopulation of the butterfly Speyeria nokomis apacheana in Nevada, USA than 
either isolation or size.  These variables included the abundance of larval foodplants 
and nectar sources, the presence of bare ground and the height of vegetation.  Less 
important was the level of human disturbance such as livestock grazing or recreational 
use.  Mark-release recapture studies were used to provide data on the population size 
and dispersal between the 39 patches, which were between 1ha and 8ha in area and 
between 0.2km and 1.2km apart.  These distances were within the mobility 
capabilities of the butterfly, which is described as “a strong flier”.     
In summary though these studies vary in the species targeted and the approaches used, 
all show that quality is of overriding importance in comparison with isolation and size 
in determining patch occupancy.  All used the distance to nearest neighbouring patch 
as a simple measure of isolation which was shown to be poor in terms of revealing 
statistically significant effects of connectivity in comparison to more complex 
measures which takes into account the contribution of all the neighbouring patches 
(Moilanen & Nieminen, 2002).  On this basis one could argue that a more complex 
measure would have shown connectivity to have a greater effect in the above studies.  
However, this survey of the West Midlands conurbation has used just such a measure 
and yet connectivity is still shown to be a poor predictor of butterfly 
presence/absence.  Moreover, WallisDeVries (2004) and Summerville and Crist 
(2004) also find quality to be of far greater significance in explaining the incidence of 
M. alcon and a number of forest moth species respectively than connectivity or area.  
Both studies use a connectivity measure which takes into account the distance from 
all the neighbouring patches.  Anthes et al., (2003) analyse their data using both 
isolation and connectivity and find that in both cases, a combination of habitat quality, 
patch area and isolation/connectivity were the best predictors of patch occupancy by 
Euphydryas aurinia.  The probability of finding a patch occupied increased with 
quality (host plant density) and patch area, but decreased with isolation/connectivity.  
In a study of coastal and archipelago populations of Parnassius apollo in south west 
Finland, Fred and Brommer (2003) also find that the probability of patches being 
occupied for three years increased with host plant abundance and patch areas 
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Using methods of analysis similar to those used in this West Midlands study, 
WallisDeVries (2004) finds that occupancy by M. alcon is best explained by a cross-
validated logistic regression which includes host ant presence, larval foodplant 
abundance, patch area and heathland area as measures of quality, and connectivity 
between sites.  82% of sites are correctly classified (R-squared  = 41%, p < 0.0001).  
Connectivity accounts for only 3.6% of the variance explained, and is not a significant 
factor when considered as a single independent variable.    
For 493 moth species in 21 forest sites in two regions of Ohio, USA, Summerville and 
Crist (2004) define habitat quantity as total patch area and percentage of suitable 
forest habitat in the surrounding landscape and quality as the diversity of host plants 
within each patch.  A connectivity measure is used to calculate the availability of 
habitat in the landscape.  In one of the two areas in particular, habitat quality and to a 
lesser extent area, explain a far higher percentage in the variance of moth species 
richness and abundance than connectivity.  However, whereas an increase in patch 
area does not increase the diversity of moth species, an increase in habitat quality 
does. 
6.5 CONCLUSION 
Habitat quality is shown to be by far the most important factor in the distribution of 
all four species in this study by the comparisons made in this chapter and the model 
produced.  Connectivity makes only a small contribution to patch occupancy, 
particularly in the case of P. icarus and E. tages and area, almost none.  These results 
are consistent with a number of other studies which also compare the relative effects 
of habitat quality, connectivity and area.  From a conservation point of view, they 
invite a recommendation that the majority of effort should be directed towards 
maintaining and improving the quality not only of currently occupied patches, but 
wherever possible, of potentially suitable patches.  This would indirectly result in an 
increase in connectivity which may be important given that the pattern of 
occupied/unoccupied patches is constantly changing within any given network and, 
that the dynamics of a network are not always fully understood in terms of which 
patches are sources of individuals, and which are sinks and so on.   
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CHAPTER 7:  EVALUATION AND RECOMMENDATIONS  
This chapter summarises the project findings and its implications as raised and 
discussed in the preceding chapters.  It will then consider the more general 
implications for the conservation of Polyommatus icarus, Coenonympha pamphilus, 
Erynnis tages and Callophrys rubi and other butterflies occupying similar habitats.  
Possibilities for future work will also be considered. 
7.1 SUMMARY OF RESULTS 
7.1.1 Habitat quality  
The distribution of each of the study species is strongly associated with variations in 
habitat parameters at the patches sampled (Chapter 3).  This is particularly true for P. 
icarus and C. pamphilus for which the factors most strongly associated with patch 
occupancy were the abundance of larval foodplants; that is, Trifolium dubium and 
Lotus corniculatus for P. icarus and Festuca ovina for C. pamphilus, all of which were 
present in a greater number of occupied than unoccupied patches and had a greater 
frequency within quadrats at occupied than unoccupied patches.  
Some regional variations from the expected were found in the West Midlands 
conurbation.  In particular the larval foodplant most strongly associated with P. icarus 
was T. dubium rather than the commonly documented main larval foodplant L. 
corniculatus (e.g. Thomas, 1986; Lewington, 1999; Asher et al., 2001). This project has 
also demonstrated that the study species depend upon a combination of factors for 
persistence; also associated with their distribution were nectar plants (these were the 
factors most strongly associated with the presence of E. tages and C. rubi), vegetation 
height, bare ground, rank grasses, sward structure, and site shelter.  In general, all four 
species are found in sheltered, sunny locations where the sward is relatively short, 
open and sparse, with some areas of bare ground, and where rank grasses are largely 
absent. 
Accurate information as to the butterflies’ requirements was prerequisite to the 
construction of meaningful quality indices (Chapter 4).  This was illustrated by the 
contrasting performances of the Detailed Sampling and Patch Attribute Assessments 
in terms of predicting the distribution of the study species and explaining the variation 
in that distribution.  The Detailed Sampling Index made minimal prior assumptions 
but was produced via a deductive method, based on information gathered in the field.  
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It was the most successful of all three quality indices produced.  The Patch Attribute 
Index on the other hand was largely based on information extrapolated from the 
literature and was the least successful, suggesting that the attributes selected and/or 
the methods of quantifying them were not the most appropriate for the species in 
question.   
This study also showed that habitat quality can be judged by eye almost as well as 
using detailed vegetation sampling.  This relatively subjective type of Visual 
Assessment of quality is useful for conservation officers and others who have limited 
time and resources.  It requires little or no computer or statistical expertise and the 
experience required for assessing the suitability of patches i.e. the quality, can be 
gained in a matter of weeks or even days.   However, it does not involve the 
quantification of what constitutes or leads to good/poor habitat quality and in this 
respect cannot be replicated in the way that the Detailed Sampling and Patch Attribute 
Assessments can.  
7.1.2 Habitat quality versus patch area and connectivity 
According to these results, the quality of a habitat patch is overwhelmingly of higher 
importance to the distribution of P. icarus, C. pamphilus, E. tages and C. rubi than 
either the connectivity or area of the patch (Chapter 6).  The occupancy of patches by 
these butterflies is only weakly associated with connectivity and with the exception of 
C. pamphilus, totally unassociated with area.  This is in keeping with the findings of a 
number of authors (e.g. Dennis & Eales, 1997; Thomas et al., 2001; Fleishman et al., 
2002; WallisDeVries, 2004), but in contrast to studies which consider only 
connectivity and area and conclude that these two parameters explain a large 
proportion of variation in occupancy (e.g. Hanski & Thomas, 1994; Hill et al., 1996; 
Moilanen & Hanski, 1998).   The minimum area of occupied patches was 0.034ha for 
P. icarus, E. tages and C. rubi and 0.125ha for C. pamphilus.  
Connectivity may operate on a larger scale in the West Midlands for these four 
species than previous MRR studies and information in the literature (as discussed in 
Chapters 5 and 6) have indicated.  This is suggested by the fact that the “best fit” 
alpha values, which estimate the dispersal abilities of each species, are considerably 
lower than those recommended by MRR studies.  This may be for any one or 
combination of reasons.  Firstly, the alpha values for the study species have been 
extrapolated from MRR studies of other species (M. Cabeza & R. Wilson, pers. 
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comm.) and information on mobility in the literature (Cowley et al., 2001).  Secondly, 
MRR studies depend upon individuals being recaptured in patches within the study 
area.  If the range of the study area is smaller than the species’ dispersal range and/or 
individuals move to patches outside the study area, then the dispersal abilities of the 
species in question may well be underestimated (Wilson & Thomas, 2002).  Even the 
most “sedentary” species are thought to be capable of moving a number of kilometres 
(Dennis & Shreeve, 1996; Petit et al., 2001).  
7.2 CONSERVATION RECOMMENDATIONS  
7.2.1 Conserving existing occupied patches 
One of the factors affecting the likelihood that a particular butterfly species is present 
in a patch in any one year is whether it was breeding in that patch in the previous year.  
Thus, accordingly, the first conservation recommendation is that sites currently 
supporting each of the study species be preserved.  This is especially the case for E. 
tages and C. rubi which are restricted to a handful of locations in Dudley and Walsall.   
Both species are noted for forming small colonies (Asher et al., 2001), and certainly 
this appeared to be the case at all of the patches in this study.  The highest numbers 
were seen at Dandy Bank Industrial Estate, Baggeridge Country Park and Saltwells 
Nature Reserve (5 to 10 individuals).  At all of the remaining sites fewer than 5 
individuals were seen during any one visit.  Small populations are vulnerable to 
extinction and even within the three-year study period two established E. tages 
colonies were lost, one to development (Anchor Meadow) and the other (Fens Pools) 
possibly to habitat succession resulting from lack of management (B. Marsh; P. 
Hancox, pers. comm. 2003).  There is some evidence that both E. tages and C. rubi 
may exist as metapopulations in the region.  However, this is speculative rather than 
substantive and the “rescue” of small and unviable populations by immigration from 
nearby populations should not be relied upon to ensure the persistence of either 
species in Dudley or Walsall.   
The persistence of C. pamphilus in the West Midlands should not be taken for granted 
either, despite the fact that it is far more widely distributed throughout the West 
Midlands than either E. tages or C. rubi.  Analysis of local records show that C. 
pamphilus has declined by around 14% during the last 15 years or so (Loram, in 
prep.) and nationally is thought to be declining at a rate which would qualify for BAP 
priority species status (Butterfly Conservation, 2004).   Analysis of the same local data 
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has shown that even taking into account increased recording effort in the region P. 
icarus has increased in numbers, though this is contrary to the opinion of several local 
recorders and conservation officers.  Furthermore, there are concerns that dramatic 
declines in North Wales for example, may be indicative of the situation in other parts 
of the country (León-Cortés et al., 1999, 2000; Asher et al., 2001).  Thus conservation 
of P. icarus, though seemingly less critical than for the three other species, should not 
be neglected. 
7.2.2 Key factors to conserve 
As stated earlier, approaches to conservation have generally been divided by 
ecological theory which regards habitat fragmentation as a spatial problem and 
empirical studies which indicate that deterioration of habitat within each fragment is 
the more pressing issue (Harrison & Bruna, 1999).  Certainly habitat quality emerged 
as being considerably more important to the persistence of the butterfly species in this 
West Midlands study and suggests that this is where the majority of conservation 
efforts should lie.   
On the other hand, if the trends of the previous few decades continue it seems likely 
that habitat fragmentation will also continue and that patches will become 
increasingly small and isolated.  Thus connectivity and perhaps to a lesser extent, area 
of patches, may increase in importance with respect to species distributions.   
As WallisDeVries (2004) points out, conservation of an endangered species requires 
that sufficient habitat be maintained to facilitate the survival of a population in the 
long term.  This statement is surely true of conserving any species, endangered or 
otherwise as small areas of habitat can support only small populations which are 
vulnerable to extinction through chance events.  Improving habitat quality of smaller 
patches may result in them functioning as effectively as larger patches in terms of 
species persistence (Summerville & Crist, 2004).  Improving quality is also to 
improve connectivity if it results in additional patches in the landscape which are 
suitable for the species in question.  For example, a newly created or improved patch 
might act as a “stepping stone” to a patch previously too isolated to be colonised 
(Hanski & Thomas, 1994). 
Maintaining and enhancing site quality for any species requires detailed knowledge of 
its habitat requirements (WallisDeVries, 2004) in the region in question.  These must 
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then be translated into conservation measures.  This study has identified some of the 
key factors underlying the incidence of P. icarus, C. pamphilus and to a slightly lesser 
extent, E. tages and C. rubi.  Data analysis showed that larval foodplants have the 
most significant associations with the distribution of P. icarus and C. pamphilus.  
Although the larval foodplants for E. tages and C. rubi were not identified, either by 
observation or data analysis, common sense dictates that these plants must be present in 
order for any species to survive.  Therefore any of the plants documented in the 
literature (e.g. BUTT, 1986; Thomas, 1986; Thomas & Lewington, 1991; Lewington, 
1999; Asher et al., 2001) as larval food for these species should be preserved (namely 
L. corniculatus and Hippocrepis comosa for E. tages and Helianthemum nummularium, 
L. corniculatus, Ulex europeaus, and Cytisus scoparius for C. rubi).   
Though not so critical in that adult butterflies are frequently opportunistic when it 
comes to choice of plant (Hardy & Dennis, 1999), nectar sources are also required at 
patches.  Full lists of plants documented as nectar sources and observed being used 
during the study are shown in Chapter 2.  However, some plants that typically might be 
included in any list of desirable species for conservation are Centaurea spp., Hieracium 
spp. and Vicia spp. for P. icarus, Centaurea spp., Ranunculus spp., Thymus spp., 
Trifolium spp. and yellow composites such as Hieracium spp. and Crepis spp. for C. 
pamphilus, L. corniculatus, Centaurea spp. and Vicia spp. for E. tages and L. 
corniculatus, Hieracium spp. and Vicia spp. for C. rubi.   
The condition of habitat patches is also important.  As mentioned above, all four species 
are found in open sunny areas of grassland with a short, sparse sward and usually some 
bare ground.  Preferred grass height ranges given by BUTT (1986) and Porter (1992) 
are 4cm to 10 cm for P. icarus and C. rubi, and 2cm to 5cm for C. pamphilus and E. 
tages.  On average the lower limit of these ranges correspond to that of the average 
grass heights for patches occupied by each of the study species.  The upper limits on the 
other hand, are somewhat lower than the average height encountered at occupied 
patches possibly because the grass was sometimes very sparse.  Where grasses are 
sparse, far taller heights may be tolerated (BUTT, 1986; Porter et al., 1992).   
7.2.3 Habitat management 
Poor, thin and possibly contaminated soils at some of the industrial and derelict sites 
visited are sufficient to inhibit the rate of succession and maintain the conditions 
described above for long periods of time.  At other sites however, some management 
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such as low density grazing or mowing is necessary.  Since a full explanation of various 
grazing and mowing regimes for grassland butterfly species is set out by BUTT (1986), 
and since the majority of site managers in the West Midlands (as in other urban areas), 
are constrained to a large extent by the land use pressures and the resources available, 
lengthy recommendations are inappropriate here.  Butterflies respond extremely quickly 
to changes in habitat, and inappropriate management even for a short period of time can 
eliminate a species (BUTT, 1986).  So for example, ponies and horses are patchy 
grazers, and one or two in a 2ha site will produce a mosaic of habitats suitable for the 
study species.  Furthermore, trampling by livestock helps to maintain some bare ground.  
However, ponies and horses also graze close to the ground (BUTT, 1986) and 
overgrazing can produce a very short sward almost devoid of flowering species which is 
unsuitable for these and many other butterflies.  Ponies and horses graze a number of 
sites in the West Midlands1 and whilst the majority have a very small number of 
animals which do maintain a varied sward (e.g. Saltwells Nature Reserve, Fens Pools in 
Dudley and Fibbersley in Walsall), others are seriously overgrazed (Clayhanger SSSI) 
(A. Loram, pers. obs.).   
Just as overgrazing produces a uniform sward so too does mowing, which, in general, is 
regarded as a poor alternative to grazing (BUTT, 1986).  However at urban sites it is 
often the only available option, particularly at sites under public pressure, where grazing 
stock is unsuitable or the cost prohibitive.  Thus, the general prescription used within 
the West Midlands conurbation for management of grassland is mowing either 
approximately once every 14 days between March and September to maintain sites as 
public amenities (parks, football pitches etc) or between late June and late July to 
produce hay (or similar products such as haylage) (Anon., 2002).  Regular mowing such 
as that typically carried out in areas of amenity grassland produces a close, dense sward 
totally unsuitable for many grassland species.  Furthermore, the dominant grasses in 
such areas are generally coarse species such as Lolium perenne, Dactylis glomerata, 
Arrhenatherum elatius etc.  As far as meadows and wildflower rich grasslands are 
concerned, mowing too early in the year (e.g. in June) when adults and larvae are active 
can wipe out butterfly (and other invertebrate) species.  On the other hand, although 
                                                          
1  It is worth noting that only one grazing scheme in the West Midlands (WMBC) takes into account 
the conservation status and maintenance of grassland.  Elsewhere, the majority of grazing is unofficial 
and incidental to habitat management.  Overgrazed sites are usually profit making areas (D. Haslam, 
pers comm.). 
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mowing much later (e.g. in September) allows grassland butterflies to complete their 
life cycle, it can lead to an increase in plant species such as Vicia spp. (which are able to 
set seed before cutting) and pernicious weeds such as Rumex spp., Senecio spp. and 
Cirsium spp. (D. Haslam, pers. comm.).  Such changes can result in a decrease in plant 
diversity and abundance, an alteration in vegetation type and ultimately, a reduction in 
suitability for grassland insect species.  Thus, mowing during the first two weeks of 
August would seem a reasonable compromise which would allow for the maintenance 
of invertebrate and wildflower diversity and abundance2.   
7.2.4 Habitat creation/re-creation 
The key factors for conservation and the management regimes above are not only 
appropriate at currently occupied patches.  They may also serve as a guide to improving 
the quality of currently unoccupied patches and restoration or creation of habitats at 
sites which are being reclaimed or “put back” to public open space of some description 
following abandonment or dereliction.  For example, derelict or abandoned sites are 
often landscaped and planted with seed mixes containing agricultural or amenity grasses 
with very few flowering species, and then mown regularly as public amenity areas.  
Where flowering species are sown, large agricultural or horticultural varieties may be 
used which are not necessarily suitable for the butterflies which would usually feed 
upon them.  For example, a large area of Darby’s Hill Quarry, levelled and seeded as an 
amenity area serving a new housing estate, has been planted in this way, as has the 
privately owned Barrow Hill Quarry where additionally, stands of trees have also been 
planted.  These kinds of approaches make very little provision for butterfly species 
though other invertebrates may benefit.  Use of seed mixes containing finer grasses 
such as F. ovina, Trisetum flavescens and Cynosurus cristatus and native wild flowers 
including larval and nectar plants, and restricting mowing to only once a year in August 
(7.2.3) at least in some areas of sites might be more appropriate (BUTT, 1986).  
Alternatively some areas could be left to colonise naturally since many of the pioneer 
species are suitable for the butterflies in this study.  
7.2.5 Site quality and conservation in the West Midlands  
All 102 patches sampled in this study were ranked according to the model score 
produced in Chapter 6 when the Discriminant Scores from DFA 4 and the 
                                                          
2 To this end, meadows and wildflower rich grassland within Walsall Metropolitan Borough are mown 
between 16th July and 16th August (D. Haslam, pers. comm.) 
186 
CHAPTER 7: EVALUATION AND RECOMMENDATIONS  
Connectivity scores for each butterfly were entered into Discriminant Function 
Analysis.  The model score combines quality and connectivity and gives a measure of 
the likelihood that patches will support the butterfly in question.  The model scores for 
each patch were then standardised and averaged to give an overall quality score for all 
four species.  As 20 patches were not included in the analysis for E. tages and C. rubi, 
each patch score was divided by 2 or 4, depending upon whether it was sampled 
during or after the flight seasons of these two species, thus giving an average, per 
species score for each patch.  Patches were then ranked according to this final score 
which represents the number of standard deviations away from the mean score of 
zero.  All five tables of these model score rankings are presented as a resource for site 
managers (Table 7.1 and Table 7.2) as an indication of predicted suitability of their 
sites for occupation by each of these butterflies individually and collectively, and in 
order to draw the reader’s attention to a number of points.   
Firstly, the tables can be used to identify the predicted likelihood that a particular 
patch will be occupied i.e. whether, according to the model score, which is a 
combination of quality and connectivity, the patch should be occupied.  In general, for 
each species, most of the patches which have a high model score are occupied whilst 
those that have low scores are apparently unoccupied.   There are some exceptions, 
particularly in the case of C. rubi for which a number of patches predicted to be 
occupied according to the model score, are unoccupied, and vice versa.  For example 
the Clay Pit at Barrow Hill has high quality and connectivity scores and yet is 
unoccupied.  At the other extreme, patches at Baggeridge Country Park, Bury Hill 
Park and Sutton Park are occupied by C. rubi, have relatively high Visual Assessment 
scores but low DFA 4 scores and are poorly connected and hence are predicted to be 
unoccupied by the low model score.  As discussed in previous chapters, these 
anomalies might in part be due to the small number of occupied compared to 
unoccupied sites and the fact that C. rubi individuals were seen only in small areas of 
some patches which were identified on the basis of their homogeneity and distinct 
changes in vegetation type rather than butterfly location.  A poor connectivity score 
might also result in a low model score.  Thus the model is not perfect and the Visual 
Score serves as an independent check as to the accuracy of the score.  However, it 
does have some predictive ability.   
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The tables can also be used to identify patches upon which efforts to improve quality 
should be focussed.  This is particularly important for E. tages and C. rubi which 
respectively have high and medium priorities in the West Midlands Region (Loram, in 
prep.), and to a slightly lesser extent, C. pamphilus.  There is little point directing 
efforts at the low quality, poorly connected sites at the bottom of the tables as these 
will possess few of the features associated with the butterflies.  The sites to be 
improved should be those in the upper part of the list which are unoccupied, despite 
relatively high scores.  Again, the Clay Pit at Barrow Hill is an example, being only a 
few hundred metres away from other patches known to be occupied by E. tages and 
C. rubi but apparently not occupied by either.  The reason may be that the site, which 
is now under private ownership and inaccessible to the public, was landscaped and 
reseeded only 3 years ago (P. Hancox, pers. comm.).   There may be a case for 
attempting to improve quality and indeed for carrying out a detailed study at two 
similarly high quality patches, one occupied and another unoccupied, to identify the 
differences.   
Finally, the tables give a relative ranking such that the value of each patch in terms of 
suitability can be estimated for each species (Table 7.1) and for all four species (T
).  It is notable that for all four species patches at Saltwells Nature Reserve figure 
highly.  Information provided by the site managers and Management Plan reveals that 
this is one of the few large sites in the region that is deliberately managed specifically 
for wildlife including butterflies, moths and other invertebrates and is funded and 
resourced as such.  It is one of the largest urban nature reserves in the country and one 
of the first urban sites to win a Countryside Stewardship Award to further facilitate 
wildlife habitat management (A. Ravenscroft, pers. comm.).   Saltwells provides 
confirmation that appropriate management is effective and in this respect may be 
regarded as an example for others to follow.  Although a number of other sites in the 
West Midlands are managed for wildlife to some extent (e.g. Shireoak Park, 
Brownhills Common, Pelsall North Common, Barr Beacon, Baggeridge Country 
Park), management for particular species such as the short, grassland species of this 
study can be somewhat ad hoc and sporadic (e.g. Fens Pools, Barrow Hill) usually as 
a result of inadequate funding and manpower.  There is often pressure on budgets and 
managers to provide and maintain public amenities such as children’s playgrounds, 
cafés and public toilets etc (e.g. Sutton Park), or to manage sites for profit.  At 
able 
7.2
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Woodgate Valley Country Park for example, some of the meadows are maintained 
and managed primarily for hay rather than for wildlife.  Mowing takes place in early 
July, which might explain why P. icarus was absent from areas which otherwise 
appeared suitable for this species.   Features other than wildlife might be considered 
more important at some sites.  For instance, at the Wrens Nest in Dudley, maintenance 
as a geological SSSI takes priority over wildlife management and may have some 
bearing on why the Quarry remains unoccupied despite potentially good conditions 
for P. icarus and E. tages.  The site is an open, sunny limestone grassland area with a 
sparse sward and yet the species that one might expect to see are absent.  Grass is cut 
in July rather than in the autumn and only as time/manpower allows (C. Earnshaw, 
pers. comm.). 
Just as the relative quality rankings and connectivity scores can provide information 
on conservation priorities, they may also prove useful when deciding which patches 
should be developed and which should not.  The current government policy is to 
develop brownfield sites in order to protect Greenbelt land (Freeman, 1999; Anon., 
2000; Glaisher et al., 2000; WMBC, 2001) and Local Council Unitary Development 
Plans contain pledges to reclaim and develop derelict and brownfield sites for housing 
or industry (DMBC, 2000; WMBC, 2001).  Consequently some of the study sites and 
others in the region, which may be important for wildlife, are under threat of 
development.  There are numerous examples of similar situations in other urban areas 
in the UK.  It is not possible to fight every development and neither is it desirable, 
since arguably, not all brownfield sites are worthy of conservation.  However, it may 
be possible to use data as to the relative importance of sites to influence development 
so that key sites are conserved and damage to existing population networks, 
minimised.  Information such as that obtained in this study could also be used to 
create new habitats most effectively.  
Intensive management of habitats for only a few species is not necessarily to the 
conservation benefit of all the species and thus a mosaic of habitats is desirable 
wherever possible, even on small sites.  Even so, maintaining habitats for the four 
species of this study does not restrict suitability to these species.  A number of other 
butterfly and moth species also occupy similar habitat types including the small 
copper Lycaena phlaeas, marbled white Melanargia galathea, burnet companion 
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Euclidia glyphica, mother shipton Callistege mi and burnets Zygaena spp.  All were 
found in abundance at Saltwells “Tailings” and “Butterfly Meadow”.   
7.2.6 Evaluation of the project and suggestions for further work 
As discussed fully in Chapter 2, this project presented a problem that was difficult to 
solve.  Namely that habitat quality is not easy to quantify, particularly as in this 
instance, when the requirements of the species in question are not fully understood.  
For this and other practical reasons, a fieldwork approach was chosen over the 
possible use of GIS.    
Comparison of habitat quality with area and connectivity meant that data needed to be 
collected from a large number of patches in order to gain a statistically meaningful 
result.  However, fieldwork is vulnerable to factors which are outside the control of 
the researcher, including variability of weather from year to year and the logistics of 
viewing a large number of patches as simultaneously as possible during the season.  
The methods used in the project have provided information as to the requirements of 
each of the target species and an answer to the question posed i.e. that habitat quality 
is more important to the persistence of grassland species in the West Midlands 
conurbation than either connectivity or area.  Furthermore, the answer has been given 
in some ecological detail confirming that given the data and information available at 
the time, a fieldwork approach was probably the most productive.  GIS might have 
generated more landscape orientated information from a wider geographical area but 
that information would have been less detailed and possibly less ecologically 
informed.  
Nevertheless, this project in some respects can be considered a pilot study which has 
highlighted the need for more detailed ecological information for each of these 
species than it has been possible to obtain during the last three years.  Thus the 
following paragraph contains brief recommendations as to how the study could be 
developed into the next stage.   
Further research is required into the habitat requirements of each species in the West 
Midlands, particularly C. pamphilus, E. tages and C. rubi, and exactly how resources 
are used by each species.  This would require a more intensive study of each species 
at one or two patches, similar to that carried out by Thomas et al., (2001).  The 
abundance, growth stages and/or conditions of larval foodplants could be examined.  
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A study during the summer of 2003 showed that the habitat preferences of C. 
pamphilus at a grassland site in Dorset included tufts of F. ovina with a high content 
of brown litter growing in sheltered situations where vegetation is less than 5cm and 
soil fertility low (Butterfly Conservation, 2004).  This is the level of detail required 
for each of the study species in the West Midlands.  The data from this project could 
provide a starting point for any further research just as Thomas et al., (2001) used 
previous survey data as the basis for their study.   A comparative study of two patches 
of similar quality and connectivity, one occupied and the other unoccupied, may 
determine any differences, and within site variations could also be measured.  The 
information gained from one or two sites could then be applied to a larger number of 
patches.  A Patch Attribute Assessment for example, may then be more successful than 
the one used in this study.  The tables produced in this study could provide a basis for 
further research. 
Future sampling for E. tages and C. rubi could be focussed on the precise areas in 
which they are actually seen rather than the entire patch.  The fact that for these two 
species ecologically significant variables were not thrown up by the analysis of data 
collected in this study suggests that this method of sampling was not targeted in the best 
way even though it worked well for P. icarus and C. pamphilus.  At several sites 
(Saltwells Nature Reserve, Fens Pools and Baggeridge Country Park) C. rubi in 
particular was observed occupying the same few bushes each year.  
The results of this thesis indicate that further research into the distribution and nature of 
habitat resources is most likely to yield insight into the persistence of butterfly species 
in urban areas.  Given i) the difficulty in defining patches potentially suitable for species 
with broad habitat requirements (Chapter 2) and ii) the pre-eminent importance of 
habitat quality shown in this study (Chapter 6), there is a good case for proposing a shift 
from a patch-based approach to the conservation of some species, towards one in which 
habitat is identified according to the resources utilised by a particular species at each 
stage of its life cycle.   
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7.3 TABLES 
Table 7.1: Ranking of study patches by predicted suitability 
This table ranks each patch according to its predicted suitability for each of the study species.  The 
predicted suitability is derived from the model (Chapter 6) which incorporates the habitat quality and 
connectivity of the patch.   In order the columns show the patch number, patch name, the actual 
occupancy, the detailed sampling assessment habitat quality score (DFA 4, Chapter 4), the visual quality 
score (Chapter 4), the patch area and connectivity (Chapter 5).  Each patch was assigned a number during 
the study for ease of identification during analysis.   Those to the left of the decimal point represent the 
site and those to the right, the patch within that site.   
a.  P. icarus  
Patch 
No 
Patch Name Pres/
Abs
Hab. 
quality
Visual 
Score
Area/ 
m2 
Conn. Model 
Score
28.1 Winterley Lane 1 3.521 3.0 21024 2.335 3.460
48.1 SebdenSteel 1 3.459 2.5 16109 2.872 3.415
31.2 Ibstock Brick Works 1 3.098 3.0 117106 2.320 3.042
23.2 Shire Oak Park, New Quarry 1 2.438 2.5 3328 2.930 2.409
26.1 Sheepwash Urban Park, Canalside 1 2.422 2.0 2941 2.853 2.392
25.7 Navigation Drive, South 1 2.186 2.0 1293 9.444 2.358
25.4 Saltwells, Daltons Pit 1 1.742 2.5 649 8.824 1.902
12.1 Fens Pools, Plateau 1 1.881 2.5 14219 4.244 1.900
26.3 Sheepwash Urban Park, Rattlechain Junction 1 1.876 1.5 880 3.662 1.877
13.1 Hawne Colliery, Buildings 1 1.826 1.5 887 3.107 1.812
25.1 Saltwells, Butterfly Meadow 1 1.467 2.5 12722 10.154 1.671
11.1 Fibbersley Bank 1 1.731 2.5 121188 1.058 1.656
15.2 James Bridge Gasworks, Railway 1 1.619 2.5 9646 2.629 1.593
25.5 Saltwells, Express & Star,  1 1.347 1.5 3034 9.226 1.524
1.2 Anchor Meadow, Car Park 1 1.570 2.5 1160 1.411 1.508
19.3 Park Lime Pits, small meadow 1 1.443 1.0 2178 4.134 1.465
24.1 Sandwell Valley, Forge Mill 1 1.415 0.5 18392 4.289 1.442
13.2 Hawne Colliery, Tracks 1 1.423 2.5 9211 3.126 1.415
25.2 Saltwells, Tailings 1 1.217 2.5 16569 9.433 1.402
26.2 Sheepwash Urban Park, Poolside 1 1.366 1.5 1250 2.974 1.354
27.1 Wood Farm 1 1.379 3.0 33359 2.001 1.338
37.1 Black Country Museum, Car Park 1 1.382 2.5 115448 1.457 1.323
43.2 Dudley Golf Course, Springfield Pasture 1 1.321 2.0 9922 2.846 1.305
5.5 Brownhills Common, South Meadow 1 1.295 3.0 961 2.924 1.282
4.1 Barrow Hill, Clay Pit 1 1.265 2.0 69648 3.341 1.266
4.2 Barrow Hill, Huntmill Drive 1 1.148 2.0 3647 4.037 1.171
12.3 Fens Pools, Middle Pool 1 1.084 2.0 4576 4.167 1.112
25.6 Navigation Drive, North 1 0.910 1.5 3597 8.416 1.069
12.2 Fens Pools, Northview Drive 1 0.958 2.5 7250 5.018 1.013
5.3 Brownhills Common, North Meadow 1 0.981 3.0 650 2.410 0.957
34.1 Clayhanger, O'Grady's Pool 1 0.967 1.5 10323 2.623 0.950
3.1 Baggeridge Country Park 1 1.024 3.0 109769 0.644 0.946
33.3 The Leys, Paths 1 0.953 2.5 17787 2.153 0.922
1.1 Anchor Meadow, Butterfly Meadow 1 0.963 2.0 2752 1.429 0.910
23.1 Shire Oak Park, New Quarry 1 0.886 2.5 1779 2.732 0.874
47.1 Bentley Lane 1 0.876 2.0 72823 2.792 0.865
20.1 Pelsall North Common, Walsall 1 0.904 2.5 122983 1.857 0.864
42.1 Coneygree Industrial Estate 1 0.874 2.0 59704 1.963 0.838
30.2 Woodgate Valley Country Park, Reseeded Meadow 1 0.908 1.0 33776 0.049 0.813
35.2 Morrisons, Football Pitch 1 0.790 1.5 17241 2.953 0.786
35.1 Morrisons, Derelict Area 1 0.762 2.0 23270 2.579 0.746
18.1 Priory Fields, Heathland 1 0.826 1.5 5534 0.226 0.739
4.5 Barrow Hill, Glades 1 0.632 2.0 964 4.374 0.672
41.2 Coombes Wood, Boggy Field 1 0.716 1.0 68824 0.965 0.652
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8.1 Darby's Hill Quarry 1 0.578 2.0 3269 3.013 0.578
17.1 Temple Way (West) 1 0.527 2.0 24996 2.351 0.508
35.3 Morrisons, Scrapyard 1 0.492 1.0 1113 3.479 0.508
31.1 Dandy Bank Road 1 0.508 2.0 25416 2.866 0.505
33.1 The Leys, Enclosure 1 0.513 1.5 36761 2.698 0.504
4.4 Barrow Hill, Slopes 1 0.329 2.5 337 4.442 0.376
30.6 Woodgate Valley Country Park, A4121 South 0 0.309 1.0 69932 0.164 0.227
6.1 Bury Hill Park 1 0.196 2.5 299055 1.366 0.152
15.1 James Bridge Gasworks, M6 1 0.111 1.5 15227 2.587 0.104
43.1 Dudley Golf Course, Quarry 1 -0.072 1.5 2897 2.453 -0.079
16.1 Merecroft Pool 1 -0.008 1.5 2993 0.139 -0.086
21.1 Grace Mary 0 -0.118 1.0 12110 3.377 -0.097
23.3 Shire Oak Park, Rank Grassland 0 -0.165 0.0 1000 2.446 -0.171
30.4 Woodgate Valley Country Park, Bare Area 0 -0.200 0.5 440 0.220 -0.273
25.8 Narrowboat Way, Slope 1 -0.510 2.0 7128 8.241 -0.336
17.2 Temple Way (East) 0 -0.368 2.0 2762 2.282 -0.377
36.1 Chelmar Drive 1 -0.420 2.0 919 2.557 -0.420
22.1 Sheldon Country Park, L. corniculatus area 1 -0.364 1.0 104292 0.005 -0.442
10.3 Fibbersley, Noose Lane 0 -0.534 1.5 6417 3.006 -0.519
33.2 The Leys, Rank Field 0 -0.584 0.5 31982 3.294 -0.559
10.4 Fibbersley, Pylon Meadow 1 -0.566 1.5 3132 2.503 -0.565
7.1 Chinnbrook Recreation Ground 1 -0.508 1.0 75933 0.161 -0.579
19.1 Park Lime Pits, Daw End Fields 1 -0.739 1.5 90719 2.910 -0.723
34.3 Clayhanger, SSSI 0 -0.761 0.5 213084 1.865 -0.777
29.4 Wrens Nest, Scrapyard 0 -0.807 0.0 10146 1.601 -0.830
10.2 Fibbersley, Marsh 1 -0.841 1.5 2504 2.443 -0.838
25.3 Saltwells, Table Top 0 -1.197 0.0 4891 9.527 -0.975
39.1 Corngreaves Golf Course 1 -1.069 0.5 28725 2.987 -1.046
2.2 Barr Beacon, South 0 -1.037 1.5 92397 0.832 -1.080
9.1 Dingles Recreation Ground 0 -1.073 1.0 18651 0.781 -1.117
29.6 Wrens Nest, Quarry 0 -1.112 2.5 7482 1.318 -1.139
39.2 Hadon Hill Park 0 -1.186 1.0 33677 3.415 -1.149
2.1 Barr Beacon, North 0 -1.130 0.5 75286 0.586 -1.179
44.1 Ashtree Road 1 -1.219 1.5 30646 2.147 -1.219
19.2 Park Lime Pits, Rushall Meadow 0 -1.272 1.0 31310 3.407 -1.234
32.1 Sutton Park, Bog (South) 0 -1.348 0.5 4140 0.003 -1.412
30.1 Woodgate Valley Country Park, Buttercup Meadow 0 -1.421 1.0 146651 0.731 -1.462
32.2 Sutton Park, Bog (North) 0 -1.409 1.0 1453 0.004 -1.472
5.1 Brownhills Common, Acid Grassland 0 -1.510 0.0 51950 2.721 -1.489
14.1 Hay Head 0 -1.510 1.0 11243 2.133 -1.507
38.1 Darby's Hill 0 -1.552 0.5 37234 2.710 -1.532
22.2 Sheldon Country Park, Rank Grassland 0 -1.680 0.0 42718 1.068 -1.707
29.3 Wrens Nest, Mons Hill, Wrens Nest Road 0 -1.743 0.5 5028 1.408 -1.759
29.1 Wrens Nest, Dudley College 0 -1.808 0.0 36378 1.333 -1.825
5.2 Brownhills Common, Railway 1 -1.831 2.0 10360 1.756 -1.835
4.3 Barrow Hill, Pylon Field 0 -2.000 0.0 23755 4.586 -1.916
5.4 Brownhills Common, Meadow 0 -1.952 1.0 1452 2.787 -1.923
18.2 Priory Fields, Rank grass 0 -1.904 0.5 13576 0.599 -1.942
10.1 Fibbersley, Football Pitch 0 -1.965 1.5 23616 2.391 -1.948
43.4 Dudley Golf Course, Rough Hill 0 -2.008 0.5 65147 2.411 -1.989
43.3 Dudley Golf course, Turner's Hill 0 -2.043 0.5 3937 2.671 -2.016
41.1 Coombes Wood, Rank Grass 0 -2.273 0.5 129482 2.127 -2.259
29.5 Wrens Nest, Mons Hill, Woodland 0 -2.475 2.0 324 1.463 -2.479
29.2 Wrens Nest, Mons Hill 0 -2.631 0.5 14453 1.381 -2.635
29.7 Wrens Nest, Ranger Field 0 -2.930 0.0 559 1.531 -2.925
30.3 Woodgate Valley Country Park, Clapgate Lane 0 -3.273 1.0 20460 0.669 -3.290
30.7 Woodgate Valley Country Park, Rank Field 0 -3.620 0.0 2964 0.282 -3.643
30.5 Woodgate Valley Country Park, A4121 North 0 -3.671 0.0 13292 0.154 -3.697
193 
CHAPTER 7: EVALUATION AND RECOMMENDATIONS  
b.  C. pamphilus 
Patch 
No 
Patch Name Pres/ 
Abs 
DFA 4 Visual 
Score
Area/ 
m2 
Conn Model 
Score
25.7 Navigation Drive, South 1 2.182 2.0 1293 6.856 2.914
25.1 Saltwells, Butterfly Meadow 1 1.868 2.5 12722 7.654 2.813
25.2 Saltwells, Tailings 1 1.907 2.5 16569 6.987 2.704
12.3 Fens Pools, Middle Pool 1 2.779 2.0 4576 2.091 2.411
43.4 Dudley Golf Course, Rough Hill 1 1.864 1.5 65147 4.652 2.167
43.1 Dudley Golf Course, Quarry 1 1.697 1.5 2897 5.157 2.131
5.1 Brownhills Common, Acid Grassland 1 2.345 3.0 51950 2.330 2.087
25.3 Saltwells, Table Top 1 1.231 1.5 4891 6.486 2.012
38.1 Darby's Hill 1 2.016 1.5 37234 3.162 1.981
25.8 Narrowboat Way, Slope 1 1.381 2.0 7128 5.673 1.968
25.4 Saltwells, Daltons pit 0 0.908 1.0 649 6.332 1.700
25.6 Navigation Drive, North 1 0.973 1.5 3597 5.724 1.626
43.2 Dudley Golf Course, Springfield Pasture 0 0.957 2.0 9922 5.559 1.577
4.2 Barrow Hill, Huntmill Drive 0 1.739 2.0 3647 1.917 1.475
20.1 Pelsall North Common, Walsall 1 1.636 2.5 122983 2.271 1.461
47.1 Bentley Lane 1 1.171 2.0 72823 3.720 1.369
4.1 Barrow Hill, Clay Pit 1 1.672 2.0 69648 1.217 1.266
3.1 Baggeridge Country Park 1 1.889 2.5 109769 0.109 1.218
26.1 Sheepwash Urban Park, Canalside 1 1.450 2.0 2941 1.842 1.208
5.2 Brownhills Common, Railway 0 1.143 1.5 10360 2.891 1.167
2.2 Barr Beacon, South 1 1.266 3.0 92397 2.006 1.084
35.3 Morrisons, Scrapyard 0 1.398 0.5 1113 1.343 1.056
15.1 James Bridge Gasworks, M6 1 1.397 1.5 15227 1.008 0.984
17.1 Temple Way (West) 1 1.135 1.5 24996 1.944 0.957
21.1 Grace Mary 0 0.439 0.5 12110 3.935 0.782
44.1 Ashtree Road 0 0.531 0.5 30646 3.039 0.669
22.2 Sheldon Country Park, Rank Grassland 0 1.263 0.0 42718 0.001 0.653
12.1 Fens Pools, Plateau 1 0.730 2.5 14219 1.914 0.601
25.5 Saltwells, Express & Star,  0 -0.643 1.0 3034 7.192 0.542
24.1 Sandwell Valley, Forge Mill 1 -0.128 1.0 18392 4.999 0.519
2.1 Barr Beacon, North 1 0.707 1.0 75286 1.480 0.488
31.1 Dandy Bank Road 0 0.690 1.5 25416 1.545 0.487
7.1 Chinnbrook Recreation Ground 0 0.990 1.0 75933 0.275 0.475
34.3 Clayhanger, SSSI 0 0.573 0.5 213084 1.650 0.408
26.2 Sheepwash Urban Park, Poolside 1 0.456 1.5 1250 1.615 0.300
31.2 Ibstock Brick Works 0 0.503 1.5 117106 1.320 0.277
23.1 Shire Oak Park, New Quarry 0 0.099 2.0 1779 2.892 0.264
35.2 Morrisons, Football Pitch 0 0.454 1.0 17241 1.428 0.258
41.2 Coombes Wood, Boggy Field 1 0.456 0.5 68824 1.373 0.249
43.3 Dudley Golf course, Turner's Hill 1 -0.419 1.0 3937 4.644 0.191
30.4 Woodgate Valley Country Park, Bare Area 0 0.631 1.0 440 0.378 0.187
4.4 Barrow Hill, Slopes 0 0.256 2.0 337 1.769 0.160
17.2 Temple Way (East) 1 0.102 1.5 2762 2.391 0.160
15.2 James Bridge Gasworks, Railway 0 0.280 2.0 9646 1.658 0.157
4.5 Barrow Hill, Glades 0 0.169 1.5 964 1.924 0.118
8.1 Darby's Hill Quarry 0 -0.237 1.5 3269 3.522 0.108
5.3 Brownhills Common, North Meadow 0 -0.248 1.0 650 3.446 0.083
48.1 SebdenSteel 1 0.495 2.0 16109 0.405 0.075
35.1 Morrisons, Derelict Area 1 0.350 1.5 23270 0.975 0.071
39.2 Hadon Hill Park 0 0.431 1.0 33677 0.528 0.046
13.1 Hawne Colliery, Buildings 0 0.457 1.5 887 0.425 0.046
23.2 Shire Oak Park,  New Quarry 0 -0.361 2.0 3328 3.561 0.010
22.1 Sheldon Country Park, L. corniculatus area 0 0.492 1.0 104292 0.001 -0.014
41.1 Coombes Wood, Rank Grass 1 0.198 1.0 129482 1.034 -0.048
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18.1 Priory Fields, Heathland 0 0.342 1.5 5534 0.415 -0.055
28.1 Winterley Lane 0 -0.080 2.0 21024 2.092 -0.061
23.3 Shire Oak Park, Rank Grassland 0 -0.158 0.0 1000 2.057 -0.137
6.1 Bury Hill Park 1 -0.359 2.5 299055 2.472 -0.222
14.1 Hay Head 0 0.005 1.0 11243 0.870 -0.249
27.1 Wood Farm 0 -0.552 2.0 33359 2.968 -0.282
33.1 The Leys, Enclosure 0 -0.154 1.0 36761 1.315 -0.292
39.1 Corngreaves Golf Course 0 0.038 0.5 28725 0.528 -0.294
19.3 Park Lime Pits, small meadow 0 -0.648 1.0 2178 3.265 -0.302
36.1 Chelmar Drive 0 -0.257 1.0 919 1.569 -0.326
5.5 Brownhills Common, South Meadow 0 -0.767 1.0 961 3.471 -0.360
34.1 Clayhanger, O'Grady's Pool 0 -0.224 0.5 10323 1.264 -0.363
26.3 Sheepwash Urban Park, Rattlechain junction 0 -0.361 1.5 880 1.758 -0.376
32.1 Sutton Park, Bog (South) 0 0.024 1.0 4140 0.117 -0.394
30.6 Woodgate Valley Country Park, A4121 South 0 -0.061 0.5 69932 0.233 -0.442
33.2 The Leys, Rank Field 0 -0.331 0.5 31982 1.195 -0.471
11.1 Fibbersley Bank 0 -0.305 2.5 121188 0.999 -0.490
18.2 Priory Fields, Rank grass 0 -0.306 0.5 13576 0.419 -0.615
32.2 Sutton Park, Bog (North) 0 -0.419 1.0 1453 0.169 -0.766
19.1 Park Lime Pits, Daw End Fields 1 -0.887 1.5 90719 2.006 -0.778
30.1 Woodgate Valley Country Park, Buttercup Meadow 0 -0.635 1.0 146651 0.631 -0.854
19.2 Park Lime Pits, Rushall Meadow 0 -1.207 0.5 31310 2.894 -0.865
30.5 Woodgate Valley Country Park, A4121 North 0 -0.609 0.0 13292 0.227 -0.918
12.2 Fens Pools, Northview Drive 0 -1.264 2.0 7250 2.841 -0.925
37.1 Black Country Museum, Car Park 0 -0.684 2.0 115448 0.419 -0.942
13.2 Hawne Colliery, Tracks 0 -0.714 1.5 9211 0.455 -0.960
29.1 Wrens Nest, Dudley College 0 -0.756 0.0 36378 0.435 -1.001
10.3 Fibbersley, Noose Lane 0 -1.424 1.5 6417 2.645 -1.106
4.3 Barrow Hill, Pylon Field 0 -1.335 0.0 23755 2.266 -1.110
30.3 Woodgate Valley Country Park, Clapgate Lane 0 -0.936 1.0 20460 0.449 -1.153
29.4 Wrens Nest, Scrapyard 0 -0.950 0.5 10146 0.477 -1.159
5.4 Brownhills Common, Meadow 0 -1.725 0.5 1452 3.487 -1.186
29.6 Wrens Nest, Quarry 0 -0.984 2.0 7482 0.442 -1.196
9.1 Dingles Recreation Ground 0 -1.016 1.0 18651 0.161 -1.284
10.1 Fibbersley, Football Pitch 0 -1.510 1.5 23616 1.384 -1.450
42.1 Coneygree Industrial Estate 0 -1.377 1.0 59704 0.682 -1.485
30.2 Woodgate Valley Country Park, Reseeded Meadow 0 -1.421 1.0 33776 0.679 -1.524
1.2 Anchor Meadow, Car Park 0 -1.621 2.0 1160 1.153 -1.595
10.2 Fibbersley, Marsh 0 -1.850 1.5 2504 1.733 -1.670
33.3 The Leys, Paths 0 -1.760 1.0 17787 1.121 -1.722
29.7 Wrens Nest, Ranger Field 0 -1.613 0.0 559 0.392 -1.751
30.7 Woodgate Valley Country Park, Rank Field 0 -1.954 0.0 2964 0.482 -2.027
10.4 Fibbersley, Pylon Meadow 0 -2.487 1.5 3132 1.988 -2.166
1.1 Anchor Meadow, Butterfly Meadow 0 -2.333 2.0 2752 1.277 -2.184
29.3 Wrens Nest, Mons Hill, Wrens Nest Road 0 -2.132 0.5 5028 0.425 -2.193
29.2 Wrens Nest, Mons Hill 0 -2.228 0.5 14453 0.418 -2.277
16.1 Merecroft Pool 0 -2.512 1.0 2993 0.300 -2.548
29.5 Wrens Nest, Mons Hill, Woodland 0 -3.224 1.5 324 0.427 -3.137
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c.  E tages 
Patch 
No 
Patch Name Pres/ 
Abs
DFA 4 Visual 
Score
Area/ 
m2 
Conn Model 
Score
5.3 Brownhills Common, North Meadow 1 4.090 3.0 650 1.266 4.066
5.5 Brownhills Common, South Meadow 1 4.042 2.5 961 1.590 4.043
25.4 Saltwells, Daltons pit 1 3.305 3.0 649 2.488 3.388
23.1 Shire Oak Park, New Quarry 1 3.417 2.5 1779 0.744 3.366
4.4 Barrow Hill, Slopes 1 2.905 3.0 337 0.424 2.840
25.1 Saltwells, Butterfly Meadow 1 2.427 2.5 12722 3.451 2.601
25.2 Saltwells, Tailings 1 2.134 2.5 16569 2.884 2.271
31.2 Ibstock Brick Works 0 2.240 2.5 117106 0.412 2.187
3.1 Baggeridge Country Park 1 2.078 3.0 109769 0.018 1.999
4.5 Barrow Hill, Glades 1 1.769 2.0 964 0.368 1.722
31.1 Dandy Bank Road 1 1.745 2.0 25416 0.111 1.680
34.1 Clayhanger, O'Grady's Pool 1 1.623 2.0 10323 1.599 1.673
1.2 Anchor Meadow, Car Park 1 1.655 2.0 1160 0.554 1.625
20.1 Pelsall North Common, Walsall 0 1.654 2.5 122983 0.072 1.587
23.2 Shire Oak Park,  New Quarry 1 1.430 2.5 3328 0.621 1.409
4.1 Barrow Hill, Clay Pit 0 1.301 2.0 69648 0.489 1.272
25.8 Narrowboat Way, Slope 0 1.101 1.5 7128 2.603 1.237
25.7 Navigation Drive, South 0 0.959 1.5 1293 3.078 1.133
12.3 Fens Pools, Middle Pool 0 1.032 2.0 4576 1.196 1.062
27.1 Wood Farm 0 0.916 2.0 33359 0.000 0.858
13.2 Hawne Colliery, Tracks 0 0.875 2.0 9211 0.006 0.818
25.5 Saltwells, Express & Star,  0 0.595 1.5 3034 3.271 0.791
29.6 Wrens Nest, Quarry 0 0.737 2.0 7482 0.051 0.686
12.1 Fens Pools, Plateau 0 0.626 2.0 14219 1.069 0.654
5.4 Brownhills Common, Meadow 0 0.536 1.0 1452 1.552 0.603
14.1 Hay Head 0 0.429 0.5 11243 0.054 0.385
25.6 Navigation Drive, North 0 0.202 1.5 3597 2.535 0.350
4.2 Barrow Hill, Huntmill Drive 0 0.217 2.0 3647 0.424 0.205
19.1 Park Lime Pits, Daw End Fields 0 0.224 1.0 90719 0.027 0.181
35.3 Morrisons, Scrapyard 0 0.164 0.5 1113 0.000 0.121
21.1 Grace Mary 0 0.069 1.0 12110 0.004 0.028
29.5 Wrens Nest, Mons Hill, Woodland 0 0.043 2.0 324 0.039 0.005
37.1 Black Country Museum, Car Park 0 0.032 2.0 115448 0.016 -0.008
12.2 Fens Pools, Northview Drive 0 -0.148 2.0 7250 1.571 -0.066
39.2 Hadon Hill Park 0 -0.028 0.5 33677 0.008 -0.067
19.3 Park Lime Pits, small meadow 0 -0.040 1.0 2178 0.029 -0.077
15.2 James Bridge Gasworks, Railway 0 -0.043 2.0 9646 0.000 -0.082
2.2 Barr Beacon, South 0 -0.078 1.5 92397 0.002 -0.116
32.2 Sutton Park, Bog (North) 0 -0.078 1.0 1453 0.000 -0.116
32.1 Sutton Park, Bog (South) 0 -0.078 1.5 4140 0.000 -0.116
33.1 The Leys, Enclosure 0 -0.124 1.0 36761 0.369 -0.134
26.1 Sheepwash Urban Park, Canalside 0 -0.117 1.5 2941 0.000 -0.154
6.1 Bury Hill Park 0 -0.214 2.5 299055 0.002 -0.250
35.1 Morrisons, Derelict Area 0 -0.222 2.0 23270 0.000 -0.258
5.1 Brownhills Common, Acid Grassland 0 -0.321 0.0 51950 1.259 -0.260
2.1 Barr Beacon, North 0 -0.305 0.5 75286 0.007 -0.339
26.3 Sheepwash Urban Park, Rattlechain junction 0 -0.396 1.5 880 0.000 -0.429
41.2 Coombes Wood, Boggy Field 0 -0.452 0.5 68824 0.000 -0.483
1.1 Anchor Meadow, Butterfly Meadow 0 -0.523 2.5 2752 0.677 -0.502
38.1 Darby's Hill 0 -0.589 0.5 37234 0.012 -0.617
30.3 Woodgate Valley Country Park, Clapgate Lane 0 -0.636 0.5 20460 0.000 -0.664
10.2 Fibbersley, Marsh 0 -0.659 1.0 2504 0.000 -0.686
29.4 Wrens Nest, Scrapyard 0 -0.673 0.0 10146 0.026 -0.698
25.3 Saltwells, Table Top 0 -0.920 0.0 4891 2.862 -0.725
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33.3 The Leys, Paths 0 -0.713 2.5 17787 0.145 -0.728
5.2 Brownhills Common, Railway 0 -0.760 1.5 10360 0.493 -0.748
19.2 Park Lime Pits, Rushall Meadow 0 -0.756 1.0 31310 0.014 -0.781
30.1 Woodgate Valley Country Park, Buttercup Meadow 0 -0.813 0.5 146651 0.000 -0.838
33.2 The Leys, Rank Field 0 -0.926 0.0 31982 0.221 -0.931
15.1 James Bridge Gasworks, M6 0 -0.937 1.5 15227 0.000 -0.959
26.2 Sheepwash Urban Park, Poolside 0 -0.943 1.5 1250 0.000 -0.965
39.1 Corngreaves Golf Course 0 -1.003 0.0 28725 0.010 -1.023
11.1 Fibbersley Bank 0 -1.025 2.0 121188 0.000 -1.045
41.1 Coombes Wood, Rank Grass 0 -1.068 0.5 129482 0.001 -1.087
10.4 Fibbersley, Pylon Meadow 0 -1.079 1.0 3132 0.000 -1.098
17.1 Temple Way (West) 0 -1.162 1.5 24996 0.000 -1.180
29.1 Wrens Nest, Dudley College 0 -1.173 0.0 36378 0.041 -1.188
8.1 Darby's Hill Quarry 0 -1.297 2.0 3269 0.005 -1.311
36.1 Chelmar Drive 0 -1.442 1.0 919 0.390 -1.425
47.1 Bentley Lane 0 -1.435 1.0 72823 0.000 -1.448
29.7 Wrens Nest, Ranger Field 0 -1.587 0.0 559 0.044 -1.593
13.1 Hawne Colliery, Buildings 0 -1.587 2.0 887 0.005 -1.596
10.3 Fibbersley, Noose Lane 0 -1.603 1.0 6417 0.000 -1.611
30.2 Woodgate Valley Country Park, Reseeded Meadow 0 -1.603 0.5 33776 0.000 -1.611
35.2 Morrisons, Football Pitch 0 -1.675 0.5 17241 0.000 -1.682
34.3 Clayhanger, SSSI 0 -1.818 0.5 213084 0.618 -1.776
10.1 Fibbersley, Football Pitch 0 -1.929 1.0 23616 0.000 -1.932
29.2 Wrens Nest, Mons Hill 0 -1.951 0.5 14453 0.054 -1.949
4.3 Barrow Hill, Pylon Field 0 -2.031 0.0 23755 0.500 -1.993
48.1 SebdenSteel 0 -2.386 1.5 16109 0.060 -2.376
23.3 Shire Oak Park, Rank Grassland 0 -2.604 0.0 1000 1.000 -2.517
29.3 Wrens Nest, Mons Hill, Wrens Nest Road 0 -2.626 0.5 5028 0.045 -2.612
 
197 
CHAPTER 7: EVALUATION AND RECOMMENDATIONS  
d.  C. rubi 
Patch 
No 
Patch Name Pres/ 
Abs 
DFA 4 Visual 
Score
Area/ 
m2 
Conn Model 
Score
25.4 Saltwells, Daltons pit 1 5.256 2.5 649 1.768 5.367
31.2 Ibstock Brick Works 1 4.205 2.5 117106 0.442 3.805
4.5 Barrow Hill, Glades 1 3.046 1.5 964 0.708 2.877
4.4 Barrow Hill, Slopes 1 2.619 2.5 337 0.707 2.490
4.1 Barrow Hill, Clay Pit 0 2.093 1.5 69648 1.130 2.208
25.8 Narrowboat Way, Slope 1 1.344 2.0 7128 1.832 1.852
31.1 Dandy Bank Road 1 1.802 2.0 25416 0.836 1.810
13.2 Hawne Colliery, Tracks 0 1.421 2.0 9211 1.411 1.729
25.1 Saltwells, Butterfly Meadow 0 0.054 2.5 12722 2.891 1.171
25.2 Saltwells, Tailings 1 0.325 2.5 16569 2.112 1.058
4.2 Barrow Hill, Huntmill Drive 0 0.838 2.0 3647 0.904 0.967
29.6 Wrens Nest, Quarry 0 1.000 1.5 7482 0.145 0.765
12.2 Fens Pools, Northview Drive 0 0.307 2.0 7250 1.424 0.725
36.1 Chelmar Drive 1 0.733 2.0 919 0.544 0.707
25.5 Saltwells, Express & Star,  0 -0.225 2.0 3034 2.423 0.702
25.6 Navigation Drive, North 0 -0.072 1.5 3597 2.073 0.680
25.7 Navigation Drive, South 1 -0.225 2.0 1293 2.267 0.631
5.3 Brownhills Common, North Meadow 0 0.889 2.0 650 0.000 0.598
34.3 Clayhanger, SSSI 0 0.426 0.5 213084 0.002 0.179
32.2 Sutton Park, Bog (North) 0 0.254 1.5 1453 0.217 0.122
21.1 Grace Mary 0 -0.225 2.0 12110 1.079 0.085
15.2 James Bridge Gasworks, Railway 0 0.307 1.0 9646 0.004 0.072
5.4 Brownhills Common, Meadow 0 0.307 2.0 1452 0.000 0.070
37.1 Black Country Museum, Car Park 1 0.286 2.5 115448 0.013 0.057
34.1 Clayhanger, O'Grady's Pool 0 0.254 2.0 10323 0.011 0.028
1.1 Anchor Meadow, Butterfly Meadow 0 0.254 2.0 2752 0.003 0.024
11.1 Fibbersley Bank 0 0.254 2.0 121188 0.000 0.023
4.3 Barrow Hill, Pylon Field 0 -0.225 0.0 23755 0.936 0.019
5.5 Brownhills Common, South Meadow 0 0.243 2.0 961 0.001 0.013
39.2 Hadon Hill Park 0 -0.225 1.0 33677 0.823 -0.033
10.2 Fibbersley, Marsh 0 0.166 1.0 2504 0.000 -0.058
41.1 Coombes Wood, Rank Grass 0 0.134 0.5 129482 0.052 -0.062
25.3 Saltwells, Table Top 0 -0.982 1.0 4891 2.113 -0.126
12.3 Fens Pools, Middle Pool 0 -0.477 2.0 4576 1.102 -0.133
12.1 Fens Pools, Plateau 1 -0.299 2.5 14219 0.736 -0.140
1.2 Anchor Meadow, Car Park 0 0.041 2.0 1160 0.003 -0.169
39.1 Corngreaves Golf Course 0 -0.604 0.5 28725 1.166 -0.218
38.1 Darby's Hill 0 -0.225 1.0 37234 0.416 -0.220
33.1 The Leys, Enclosure 0 -0.225 1.5 36761 0.374 -0.239
26.1 Sheepwash Urban Park, Canalside 0 -0.072 2.0 2941 0.036 -0.256
23.2 Shire Oak Park,  New Quarry 0 -0.225 2.0 3328 0.337 -0.257
33.2 The Leys, Rank Field 0 -0.225 0.0 31982 0.232 -0.305
23.1 Shire Oak Park, New Quarry 0 -0.225 2.0 1779 0.220 -0.310
33.3 The Leys, Paths 0 -0.225 2.0 17787 0.153 -0.341
3.1 Baggeridge Country Park 1 -0.225 3.0 109769 0.140 -0.347
29.3 Wrens Nest, Mons Hill, Wrens Nest Road 0 -0.225 0.5 5028 0.126 -0.353
23.3 Shire Oak Park, Rank Grassland 0 -0.225 0.0 1000 0.125 -0.354
17.1 Temple Way (West) 0 -0.225 2.0 24996 0.090 -0.370
48.1 SebdenSteel 0 -0.225 2.0 16109 0.063 -0.382
26.3 Sheepwash Urban Park, Rattlechain junction 0 -0.225 1.5 880 0.040 -0.393
41.2 Coombes Wood, Boggy Field 0 -0.225 0.5 68824 0.034 -0.396
35.2 Morrisons, Football Pitch 0 -0.225 0.5 17241 0.009 -0.407
35.3 Morrisons, Scrapyard 0 -0.225 1.5 1113 0.009 -0.407
35.1 Morrisons, Derelict Area 0 -0.225 2.0 23270 0.008 -0.408
198 
CHAPTER 7: EVALUATION AND RECOMMENDATIONS  
15.1 James Bridge Gasworks, M6 0 -0.225 1.0 15227 0.004 -0.410
5.2 Brownhills Common, Railway 0 -0.225 1.5 10360 0.002 -0.411
5.1 Brownhills Common, Acid Grassland 0 -0.225 1.5 51950 0.001 -0.411
30.1 Woodgate Valley Country Park, Buttercup Meadow 0 -0.225 0.0 146651 0.000 -0.411
30.2 Woodgate Valley Country Park, Reseeded Meadow 0 -0.225 0.0 33776 0.000 -0.411
2.1 Barr Beacon, North 0 -0.225 0.5 75286 0.000 -0.412
2.2 Barr Beacon, South 0 -0.225 1.0 92397 0.000 -0.412
10.3 Fibbersley, Noose Lane 0 -0.225 1.0 6417 0.000 -0.412
10.4 Fibbersley, Pylon Meadow 0 -0.225 1.0 3132 0.000 -0.412
10.1 Fibbersley, Football Pitch 0 -0.225 1.0 23616 0.000 -0.412
47.1 Bentley Lane 0 -0.225 1.5 72823 0.000 -0.412
32.1 Sutton Park, Bog (South) 1 -0.225 3.0 4140 0.000 -0.412
6.1 Bury Hill Park 1 -0.306 2.5 299055 0.004 -0.483
13.1 Hawne Colliery, Buildings 0 -0.982 2.0 887 1.332 -0.485
20.1 Pelsall North Common, Walsall 0 -0.351 2.0 122983 0.000 -0.526
30.3 Woodgate Valley Country Park, Clapgate Lane 0 -0.604 0.0 20460 0.000 -0.754
26.2 Sheepwash Urban Park, Poolside 0 -0.730 1.5 1250 0.027 -0.856
8.1 Darby's Hill Quarry 0 -1.167 1.5 3269 0.700 -0.943
19.3 Park Lime Pits, small meadow 0 -0.815 1.0 2178 0.000 -0.946
29.2 Wrens Nest, Mons Hill 0 -0.982 0.5 14453 0.128 -1.039
29.4 Wrens Nest, Scrapyard 0 -0.982 0.5 10146 0.127 -1.039
19.2 Park Lime Pits, Rushall Meadow 0 -1.159 1.0 31310 0.000 -1.258
29.1 Wrens Nest, Dudley College 0 -1.361 0.0 36378 0.173 -1.360
19.1 Park Lime Pits, Daw End Fields 0 -1.386 1.0 90719 0.000 -1.463
27.1 Wood Farm 0 -1.672 1.5 33359 0.000 -1.722
29.7 Wrens Nest, Ranger Field 0 -1.739 0.0 559 0.116 -1.730
14.1 Hay Head 0 -1.739 0.5 11243 0.000 -1.783
29.5 Wrens Nest, Mons Hill, Woodland 0 -2.947 1.5 324 0.120 -2.822
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Table 7.2: Ranking of study patches for all four study species by predicted suitability 
This table summarises the habitat quality-connectivity model described in Chapter 6 for all of the species 
in this study.  The model predicts the suitability of each patch for all four study species combined.  In 
order the columns show the patch number, patch name, the actual occupancy for each species and the 
mean quality score.  Depending upon weather conditions in any one year, the flight seasons of P. icarus 
and C. pamphilus may last from April/May until August/September.  However those for E. tages and C. 
rubi are much shorter lasting from April/May to mid to late June.  Thus the score for patches sampled 
until the end of June have been averaged for all four butterflies whilst those sampled from July onwards 
were averaged for P. icarus and C. pamphilus only. 
Occupancy Patch 
No. 
Patch Name P. icarus 
C. pam
p. 
E. tages 
C. rubi 
Mean 
Model 
Score 
Grid Ref 
25.4 Saltwells, Daltons pit 1 0 1 1 2.358 SO 935870 
31.2 Ibstock Brick Works 1 0 0 1 1.725 SO 905901 
25.1 Saltwells, Butterfly Meadow 1 1 1 0 1.517 SO 931875 
25.2 Saltwells, Tailings 1 1 1 1 1.372 SO 932878 
25.7 Navigation Drive, South 1 1 0 1 1.286 SO 933879 
4.1 Barrow Hill, Clay Pit 1 1 0 0 1.141 SO 910897 
4.4 Barrow Hill, Slopes 1 0 1 1 1.101 SO 915896 
28.1 Winterley Lane  1 0 N/A N/A 1.094 SK 034008 
43.2 Dudley Golf Course, Springfield Pasture 1 0 N/A N/A 1.049 SO 963882 
4.5 Barrow Hill, Glades 1 0 1 1 1.035 SO 914897 
5.3 Brownhills Common, North Meadow 1 0 1 0 0.985 SK 038064 
25.8 Narrowboat Way, Slope 1 1 0 1 0.939 SO 931880 
31.1 Dandy Bank Road 1 0 1 1 0.847 SO 904896 
5.5 Brownhills Common, South Meadow 1 0 1 0 0.821 SK 039062 
43.1 Dudley Golf Course, Quarry 1 1 N/A N/A 0.821 SO 964884 
12.3 Fens Pools, Middle Pool 1 1 0 0 0.810 SO 916884 
4.2 Barrow Hill, Huntmill Drive 1 0 0 0 0.723 SO 912898 
25.6 Navigation Drive, North 1 1 0 0 0.700 SO 932881 
23.1 Shire Oak Park, New Quarry 1 0 1 0 0.696 SK 058038 
24.1 Sandwell Valley, Forge Mill 1 1 N/A N/A 0.672 SP 030929 
3.1 Baggeridge Country Park  1 1 1 1 0.659 SO 900927 
25.5 Saltwells, Express & Star,  1 0 0 0 0.637 SO 929875 
20.1 Pelsall North Common, Walsall 1 1 0 0 0.586 SK 016044 
23.2 Shire Oak Park,  New Quarry 1 0 1 0 0.575 SK 059037 
26.1 Sheepwash Urban Park, Canalside 1 1 0 0 0.546 SO 978913 
13.2 Hawne Colliery, Tracks 1 0 0 0 0.544 SO 957847 
12.1 Fens Pools, Plateau 1 1 0 1 0.507 SO 922887 
34.1 Clayhanger, O'Grady's Pool 1 0 1 0 0.370 SK 044045 
15.2 James Bridge Gasworks, Railway 1 0 0 0 0.290 SO 989973 
35.3 Morrisons, Scrapyard 1 0 0 0 0.226 SO 951959 
43.4 Dudley Golf Course, Rough Hill 0 1 N/A N/A 0.218 SO 962887 
18.1 Priory Fields, Heathland 1 0 N/A N/A 0.217 SP 097789 
1.2 Anchor Meadow, Car Park 1 0 1 0 0.165 SK 054005 
21.1 Grace Mary 0 0 0 0 0.162 SO 971894 
12.2 Fens Pools, Northview Drive 1 0 0 0 0.123 SO 922885 
25.3 Saltwells, Table Top 0 1 0 0 0.093 SO 934871 
48.1 SebdenSteel 1 1 0 0 0.085 SO 924851 
47.1 Bentley Lane  1 1 0 0 0.080 SJ 985003 
26.3 Sheepwash Urban Park, Rattlechain junction 1 0 0 0 0.073 SO 972915 
5.1 Brownhills Common, Acid Grassland 0 1 0 0 0.042 SK 041062 
37.1 Black Country Museum, Car Park 1 0 0 1 0.038 SO 948912 
35.1 Morrisons, Derelict Area 1 1 0 0 0.004 SO 949960 
7.1 Chinnbrook Recreation Ground 1 0 N/A N/A 0.001 SP 092801 
11.1 Fibbersley Bank 1 0 0 0 -0.001 SO 961997 
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17.1 Temple Way (West) 1 1 0 0 -0.005 SO 978908 
38.1 Darby's Hill 0 1 0 0 -0.005 SO 965893 
41.2 Coombes Wood, Boggy Field 1 1 0 0 -0.011 SO 975850 
30.4 Woodgate Valley Country Park, Bare Area 0 0 N/A N/A -0.014 SP 011834 
15.1 James Bridge Gasworks, M6 1 1 0 0 -0.037 SO 990972 
19.3 Park Lime Pits, small meadow 1 0 0 0 -0.037 SK 032000 
33.1 The Leys, Enclosure 1 0 0 0 -0.050 SO 906877 
17.2 Temple Way (East) 0 1 N/A N/A -0.058 SO 981906 
27.1 Wood Farm 1 0 0 0 -0.061 SJ 984017 
2.2 Barr Beacon, South 0 1 0 0 -0.066 SP 061971 
26.2 Sheepwash Urban Park, Poolside 1 1 0 0 -0.066 SO 976916 
13.1 Hawne Colliery, Buildings 1 0 0 0 -0.070 SO 957846 
30.6 Woodgate Valley Country Park, A4121 South 0 0 N/A N/A -0.102 SP 014833 
44.1 Ashtree Road  1 0 N/A N/A -0.128 SO 977898 
29.6 Wrens Nest, Quarry 0 0 0 0 -0.143 SO 935920 
22.1 Sheldon Country Park, L. corniculatus area 1 0 N/A N/A -0.149 SP 160853 
6.1 Bury Hill Park 1 1 0 1 -0.164 SO 975891 
35.2 Morrisons, Football Pitch 1 0 0 0 -0.192 SO 950958 
39.2 Hadon Hill Park 0 0 0 0 -0.195 SO 957850 
36.1 Chelmar Drive  1 0 0 1 -0.223 SO 903888 
2.1 Barr Beacon, North 0 1 0 0 -0.238 SP 061978 
5.2 Brownhills Common, Railway 1 0 0 0 -0.278 SK 047060 
22.2 Sheldon Country Park, Rank Grassland 0 0 N/A N/A -0.293 SP 160850 
34.3 Clayhanger, SSSI 0 0 0 0 -0.306 SK 033045 
8.1 Darby's Hill Quarry 1 0 0 0 -0.307 SO 969895 
42.1 Coneygree Industrial Estate 1 0 N/A N/A -0.319 SO 958913 
1.1 Anchor Meadow, Butterfly Meadow 1 0 0 0 -0.366 SK 052005 
32.2 Sutton Park, Bog (North) 0 0 0 0 -0.384 SP 102977 
33.3 The Leys, Paths 1 0 0 0 -0.388 SO 902874 
33.2 The Leys, Rank Field 0 0 0 0 -0.406 SO 904876 
32.1 Sutton Park, Bog (South) 0 0 0 1 -0.414 SP 103975 
5.4 Brownhills Common, Meadow 0 0 0 0 -0.430 SK 039063 
39.1 Corngreaves Golf Course 1 0 0 0 -0.447 SO 955850 
30.2 Woodgate Valley Country Park, Reseeded Meadow 1 0 0 0 -0.531 SP 001832 
19.1 Park Lime Pits, Daw End Fields 1 1 0 0 -0.552 SK 030003 
23.3 Shire Oak Park, Rank Grassland 0 0 0 0 -0.555 SK 054039 
41.1 Coombes Wood, Rank Grass 0 1 0 0 -0.571 SO 973850 
43.3 Dudley Golf course, Turner's Hill 0 1 N/A N/A -0.576 SO 967887 
10.2 Fibbersley, Marsh 1 0 0 0 -0.595 SO 957994 
14.1 Hay Head 0 0 0 0 -0.607 SP 043990 
30.1 Woodgate Valley Country Park, Buttercup Meadow 0 0 0 0 -0.635 SO 997832 
10.3 Fibbersley, Noose Lane 0 0 0 0 -0.663 SO 952993 
29.4 Wrens Nest, Scrapyard 0 0 0 0 -0.703 SO 939923 
19.2 Park Lime Pits, Rushall Meadow 0 0 0 0 -0.771 SK 026000 
10.4 Fibbersley, Pylon Meadow 1 0 0 0 -0.794 SO 956995 
4.3 Barrow Hill, Pylon Field 0 0 0 0 -0.863 SO 912897 
9.1 Dingles Recreation Ground 0 0 N/A N/A -0.872 SP 096806 
18.2 Priory Fields, Rank grass 0 0 N/A N/A -0.872 SP 098789 
29.1 Wrens Nest, Dudley College 0 0 0 0 -0.984 SO 937918 
10.1 Fibbersley, Football Pitch 0 0 0 0 -1.017 SO 957998 
30.3 Woodgate Valley Country Park, Clapgate Lane 0 0 0 0 -1.033 SP 000829 
16.1 Merecroft Pool 1 0 N/A N/A -1.040 SP 043790 
29.3 Wrens Nest, Mons Hill, Wrens Nest Road 0 0 0 0 -1.236 SO 936923 
29.2 Wrens Nest, Mons Hill 0 0 0 0 -1.428 SO 935923 
29.7 Wrens Nest, Ranger Field 0 0 0 0 -1.457 SO 935927 
30.5 Woodgate Valley Country Park, A4121 N 0 0 N/A N/A -1.560 SP 014834 
29.5 Wrens Nest, Mons Hill, Woodland 0 0 0 0 -1.623 SO 936924 
30.7 Woodgate Valley Country Park, Rank Field 0 0 N/A N/A -1.983 SP 010833 
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APPENDIX: TABLES 
APPENDIX: TABLES 
The following pages contain the full set of results from the Sub-dataset 2001-2002 and the Full-dataset 
2001 to 2003 referred to in Chapters 3 and 4.  
 
Table 1: Detailed Quadrat Sampling.  Comparison of occupied and unoccupied 
patches (Sub-dataset 2001-2002) 
This table presents summary statistics of variables which are significantly different in occupied and 
unoccupied patches.  For each variable, this table shows the Z statistic from the Mann Whitney U test and 
the associated P value.  For both occupied and unoccupied patches, the quadrat frequency gives the mean 
percentage of quadrats per patch in which each variable occurs.  The patch frequency shows the 
percentage of patches in which each variable was present.  
* variables negatively significant for the presence of the butterfly; **mean vegetation height (cm) 
a.  P. icarus 
Mean Quadrat 
Frequency  
(% quads. per patch) 
Patch frequency 
(% patches) 
Variable 
 
Z
-statistic 
P-value 
Occupied 
patches 
Unoccupied  
patches 
Occupied  
patches 
Unoccupied 
patches 
Trifolium dubium -4.111 0.000 35.14 7.87 80.56 32.00 
Trifolium pratense -3.534 0.000 46.06 20.00 94.44 60.00 
Plantago lanceolata -3.494 0.000 65.52 35.07 97.22 80.00 
Bromus hordeaceus -3.170 0.002 3.63 0.00 33.33 0.00 
Bare ground -3.108 0.002 32.58 12.69 75.00 44.00 
Centaurium erythraea -3.018 0.003 6.39 0.80 38.89 4.00 
Lotus corniculatus -2.953 0.003 48.88 25.73 86.11 64.00 
Rubus fruticosus -2.825 0.005 8.22 4.40 52.78 12.00 
Heracleum sphondylium* -2.767 0.006 0.37 8.00 13.89 40.00 
Achillea millefolium  -2.764 0.006 10.64 6.27 52.78 12.00 
Equisetum arvense -2.662 0.008 7.08 0.80 33.33 4.00 
Cerastium fontanum -2.597 0.009 20.93 9.60 72.22 36.00 
Potentilla reptans -2.583 0.010 10.34 2.80 44.44 12.00 
Vegetation height -2.508 0.012 **9.94 **13.22  N/A N/A 
Aira praecox -2.500 0.012 2.66 0.00 22.22 0.00 
Galium saxatile* -2.461 0.014 0.00 4.31 0.00 16.00 
Vicia spp -2.400 0.016 25.30 14.27 75.00 44.00 
Linaria vulgaris -2.318 0.020 2.17 0.00 19.44 0.00 
Taraxacum officinale -2.195 0.028 19.25 12.40 80.56 40.00 
Melilotus officinalis -2.128 0.033 2.58 0.00 16.67 0.00 
Senecio jacobaea -2.126 0.034 10.97 5.20 55.56 24.00 
Phleum pratense* -2.084 0.037 8.68 16.67 30.56 56.00 
Crepis capillaris -2.078 0.038 15.71 8.80 58.33 28.00 
Poa trivialis -2.021 0.043 30.16 16.38 77.78 64.00 
Daucus carota -1.991 0.046 3.19 0.40 22.22 4.00 
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b.  C. pamphilus 
Mean Quadrat 
Frequency  
(% quads. per patch) 
Patch frequency 
(% patches) 
Variable 
 
Z
-statistic 
P-value 
Occupied 
patches 
Unoccupied  
patches 
Occupied  
patches 
Unoccupied 
patches 
Luzula campestre -4.109 0.000 1.68 0.00 35.29 0.00 
Festuca ovina -3.504 0.000 29.71 4.77 70.59 27.27 
Bare ground -3.128 0.002 37.37 14.52 94.12 50.00 
Deschampsia flexuosa -3.126 0.002 10.79 0.19 35.29 4.55 
Pilosella officinarum -3.057 0.002 5.05 0.56 41.18 6.82 
Festuca gigantea -2.833 0.005 2.45 0.00 17.65 0.00 
Daucus carota -2.620 0.009 3.38 1.39 35.29 0.00 
Vegetation height -2.429 0.015 **9.26 **12.06 N/A N/A 
Helianthemum nummularium -2.294 0.022 0.19 0.00 11.76 6.82 
Juncus spp -2.294 0.022 0.48 0.00 11.76 0.00 
Leontondon autumnalis -2.294 0.022 0.70 0.00 11.76 0.00 
Lathyrus nissolia -2.294 0.022 0.22 0.00 11.76 0.00 
Linum perenne -2.294 0.022 0.66 0.00 11.76 0.00 
Primula veris -2.294 0.022 1.48 0.00 11.76 0.00 
Trifolium spp -2.294 0.022 1.00 0.00 11.76 0.00 
Cirsium arvense -2.200 0.028 6.66 6.80 64.71 25.00 
Aira praecox -2.194 0.028 1.81 1.81 29.41 6.82 
Galium saxatile -2.193 0.028 5.17 0.56 17.65 2.27 
Lolium perenne -2.182 0.029 29.33 48.41 94.12 88.64 
Galium aparine -2.174 0.030 1.11 0.09 17.65 2.27 
Epilobium montanum -2.163 0.031 1.98 0.73 23.53 4.55 
Alopecurus pratensis -2.137 0.033 0.41 0.09 17.65 2.27 
Nardus stricta -2.137 0.033 4.06 0.00 17.65 2.27 
Tussilago farfara -2.137 0.033 1.66 0.28 17.65 2.27 
Melilotus officinalis -2.117 0.034 2.22 0.97 23.53 4.55 
Pimpinella saxifraga -2.099 0.036 0.77 0.00 17.65 2.27 
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c.  E. tages  
Mean Quadrat 
Frequency  
(% quads. per patch) 
Patch frequency 
(% patches) 
Variable 
 
Z
-statistic 
P-value 
Occupied 
patches 
Unoccupied  
patches 
Occupied  
patches 
Unoccupied 
patches 
Potentilla erecta -4.335 0.000 5.80 0.45 57.14 3.28 
Lathyrus nissolia -3.961 0.000 0.54 0.00 28.57 0.00 
Bare ground -3.621 0.000 61.96 19.56 100.00 50.82 
Centaurea scabiosa -2.989 0.003 1.20 0.56 28.57 1.64 
Aira caryophyllea -2.777 0.005 5.71 0.00 14.29 0.00 
Crepis vesicaria -2.777 0.005 2.86 0.00 14.29 0.00 
Cirsium vulgare -2.777 0.005 1.43 0.00 14.29 0.00 
Phragmites australis -2.777 0.005 0.37 0.00 14.29 0.00 
Quercus petrea -2.777 0.005 1.43 0.00 14.29 0.00 
Tragopogon pratensis -2.658 0.008 5.88 0.74 42.86 6.56 
Cerastium fontanum -2.628 0.009 34.62 13.91 100.00 45.90 
Bromus hordeaceus -2.625 0.009 7.05 1.51 57.14 13.11 
Pimpinella saxifrage -2.584 0.010 4.27 0.09 28.57 3.28 
Vicia spp -2.574 0.010 51.74 16.76 85.71 52.46 
Hypochaeris radicata -2.492 0.013 21.31 8.92 85.71 36.07 
Leucanthemum vulgare -2.449 0.014 27.35 4.78 57.14 14.75 
Centaurium erythraea -2.396 0.017 13.23 2.91 57.14 18.03 
Phleum pratense* -2.224 0.026 0.00 13.50 0.00 40.98 
Epilobium angustifolium -2.164 0.030 3.32 0.98 42.86 9.84 
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Table 2: Patch occupancy versus Detailed Sampling Assessment (DFA) in (Sub-
dataset 2001-2002) 
This table summarises the ability of four discriminant functions constructed using quadrat data to classify 
the differences between occupied and unoccupied patches.  The discriminant functions vary according to 
the variables entered into each analysis.  The variables entered are 1. all variables recorded during 
sampling i.e. all plants, vegetation height and bare ground; 2. all the variables emerging as significant 
from the Mann-Whitney U tests; 3. only variables present in 10% or more of all quadrats and 4. only 
variables present in 20% or more of all quadrats. The number of patches correctly classified by each 
analysis is shown as a percentage; Wilks’ lambda shows the variance not explained by the analysis; df is 
the degrees of freedom; the P value gives the significance of the discriminant function. 
Sp
ec
ie
s   
Variables Entered (No)
% patches 
correctly classified 
(cross-validated) 
Wilks' 
λ 
df P 
1. All Variables  (162) 95.1 0.228 9 0.000
2. Variables significant in Mann Whitney U  (25) 80.3 0.587 3 0.000
3. Variables with > 10% frequency  (71) 90.2 0.393 6 0.000
P.
 ic
ar
us
 
4. Variables with > 20% frequency  (47) 83.6 0.585 3 0.000
1. All Variables  (162) 80.3 0.525 4 0.000
2. Variables significant in Mann Whitney U (26) 80.3 0.593 3 0.000
3. Variables with > 10% frequency  (71) 77.0 0.834 1 0.001
C.
 p
am
ph
ilu
s 
4. Variables with > 20% frequency  (47) 77.0 0.834 1 0.001
1. All Variables (162) 98.4 0.000 10 0.000
2. Variables significant in Mann Whitney U (19) 96.7 0.030 9 0.000
3. Variables with > 10% frequency  (71) 90.2 0.596 2 0.000
E.
 ta
ge
s  
4. Variables with > 20% frequency  (47) 90.2 0.596 2 0.000
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Table 3:  Discriminant Function Analysis Structure Matrix (Sub-dataset 2001-
2002) 
The structure matrix is the variables ranked in order of their significance to the Discriminant Function.  
The first 15 variables in this matrix are shown for each of the four Discriminant Functions.  The 
coefficient is the correlation coefficient between the variable and the Discriminant Function. 
 
a.  P. icarus  
DFA 1 DFA 2 DFA 3 DFA 4 
Variable Coeff Variable Coeff Variable Coeff Variable Coeff 
Sonchus 
oleraceus 
0.370 Trifolium 
dubium 
0.661 Trifolium dubium 0.446 Trifolium 
dubium 
0.659
Sagina 
procumbens 
0.366 Bare ground 0.479 Taraxacum 
officinale 
0.418 Lotus 
corniculatus  
0.464
Plantago 
lanceolata 
0.349 Cerastium 
fontanum 
0.474 Trifolium 
pratense 
0.383 Trifolium repens 0.386
Poa annua 0.327 Lotus 
corniculatus  
0.465 Lolium perenne 0.333 Arrhenatherum 
elatius 
-0.326
Cerastium 
fontanum 
0.303 Plantago 
lanceolata 
0.448 Lotus 
corniculatus  
0.314 Taraxacum 
officinale 
0.315
Trifolium 
dubium 
0.301 Senecio 
jacobaea 
0.396 Trisetum 
flavescens 
-0.293 Cerastium 
fontanum 
0.314
Salvia pratensis -0.286 Vicia spp 0.336 Convolvulus 
arvensis 
-0.288 Vicia spp 0.295
Trifolium 
pratense 
0.258 Achillea 
millefolium 
0.309 Arrhenatherum 
elatius 
-0.250 Festuca rubra 0.267
Sorbus 
aucuparia 
0.255 Taraxacum 
officinale 
0.290 Pilosella 
officinarum 
-0.245 Crepis capillaris 0.264
Catapodia 
rigidum 
-0.248 Aira praecox 0.263 Poa annua 0.233 Senecio 
jacobaea 
0.255
Crepis capillaris 0.244 Bromus 
hordeaceus 
0.258 Agrostis 
stolonifera 
0.226 Poa annua 0.242
Elymus repens -0.239 Crepis capillaris 0.219 Heracleum 
sphondylium 
-0.217 Plantago 
lanceolata 
0.237
Galium aparine -0.235 Phleum pratense -0.195 Cerastium 
fontanum 
0.213 Hieracium spp 0.197
Galium verum -0.232 Trifolium 
pratense 
0.181 Aira praecox 0.208 Dactylis 
glomerata 
-0.182
Bromus 
hordeaceus 
0.228 Linaria vulgaris 0.155 Potentilla reptans 0.204 Achillea 
millefolium 
0.177
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b.  C. pamphilus  
DFA 1 DFA 2 DFA 3 DFA 4 
Variable Coeff Variable Coeff Variable Coeff Variable Coeff 
Luzula 
campestre 
0.479 Luzula 
campestre 
0.550 Festuca ovina 1.000 Festuca ovina 1.000
Festuca ovina 0.469 Festuca ovina 0.538 Hieracium spp 0.546 Hieracium spp 0.546
Aster novi-belgii 0.456 Leontondon 
autumnalis 
0.378 Pilosella 
officinarum 
0.472 Holcus lanatus -0.447
Eleocharis 
palustris 
0.456 Primula veris 0.367 Holcus lanatus -0.447 Agrostis 
stolonifera 
-0.407
Sisyrinchium 
bermudiana 
0.456 Pimpinella 
saxifraga  
0.291 Agrostis 
stolonifera 
-0.407 Phleum pratense -0.333
Salix caprea 0.393 Pilosella 
officinarum 
0.275 Deschampsia 
flexuosa 
0.333 Bare ground 0.315
Hieracium spp 0.356 Arrhenatherum 
elatius 
-0.238 Phleum pratense -0.333 Ranunculus 
repens 
-0.307
Leontondon 
autumnalis 
0.335 Juncus 
squarrosus 
0.231 Bare ground 0.315 Leucanthemum 
vulgare 
0.266
Linum 
catharticum 
0.332 Bare ground 0.189 Ranunculus 
repens 
-0.307 Festuca rubra -0.245
Trifolium 
campestre 
0.332 Lathyrus nissolia 0.158 Betula pendula 0.283 Arrhenatherum 
elatius 
-0.233
Primula veris 0.320 Linum perenne 0.148 Leucanthemum 
vulgare 
0.266 Anthoxanthum 
odoratum 
-0.226
Euphrasia spp 0.310 Daucus carota 0.120 Festuca rubra -0.245 Centaurium 
erythraea 
0.214
Pimpinella 
saxifraga  
0.280 Lolium perenne -0.117 Arrhenatherum 
elatius 
-0.233 Cerastium 
fontanum 
0.210
Centaurium 
erythraea 
0.250 Holcus lanatus -0.117 Anthoxanthum 
odoratum 
-0.226 Ranunculus 
acris 
-0.181
Pilosella 
officinarum 
0.246 Epilobium 
montanum  
-0.116 Centaurium 
erythraea 
0.214 Taraxacum 
officinale 
0.159
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c.  E. tages 
DFA 1 DFA 2 DFA 3 DFA 4 
Variable Coeff Variable Coeff Variable Coeff Variable Coeff 
Artemisia 
absinthium 
0.549 Bare ground 0.148 Bare ground 0.573 Bare ground 0.573
Matricaria 
perforata 
0.498 Hypochaeris 
radicata 
0.107 Vicia spp 0.500 Vicia spp 0.500
Crepis biennis  -0.476 Lathyrus nissolia 0.103 Centaurium 
erythraea 
0.396 Centaurium 
erythraea 
0.396
Bromus 
commutatus 
-0.476 Phleum pratense -0.096 Betula pendula 0.372 Leucanthemum 
vulgare 
0.349
Linum perenne -0.454 Centaurea 
scabiosa 
0.091 Leucanthemum 
vulgare 
0.349 Phleum pratense -0.320
Aira praecox 0.447 Pimpinella 
saxifraga  
0.088 Phleum pratense -
0.320
Trifolium repens 0.291
Crepis capillaris 0.415 Centaurium 
erythraea 
0.081 Juncus effusus 0.312 Hieracium spp 0.265
Cirsium spp 0.356 Cirsium vulgare 0.067 Trifolium repens 0.291 Lotus 
corniculatus  
0.254
Sonchus 
oleraceus 
0.353 Crepis vesicaria 0.067 Quercus robur 0.289 Plantago 
lanceolata 
0.231
Sagina 
procumbens 
0.331 Quercus petrea 0.067 Hieracium spp 0.265 Festuca rubra 0.230
Trifolium 
dubium 
0.312 Lotus uliginosus 0.067 Crataegus spp 0.255 Trifolium 
dubium 
0.209
Geranium 
dissectum 
0.259 Phragmites 
australis 
0.067 Lotus corniculatus 0.254 Senecio 
jacobaea 
0.193
Carex disticha 0.259 Aira caryophyllea 0.067 Plantago 
lanceolata 
0.231 Hypochaeris 
radicata 
0.191
Trifolium medium 0.255 Potentilla erecta 0.067 Festuca rubra 0.230 Ranunculus 
repens 
-0.181
Elymus repens 0.238 Leucanthemum 
vulgare 
0.065 Trifolium dubium 0.209 Poa trivialis -0.180
 
 
Table 4:  Patch Attribute Assessment (Sub-dataset 2001-2002) 
This table presents summary statistics of patch attributes which are significantly different in occupied and 
unoccupied patches.  For each attribute, this table shows the Z statistic from the Mann Whitney U test and 
the associated P value.  Significant variables are marked in bold 
 
Butterfly P. icarus C. pamphilus 
Variable Z statistic P-value Variable Z statistic 
Larval foodplants -1.836 0.066 -1.590 0.112 
Nectar sources 0.000 1.000 -1.263 0.207 
Bare ground -2.729 0.006 -3.298 0.001 
Openness of sward  -2.863 0.004 -2.162 0.031 
Varied turf height -1.836 0.066 -1.439 0.150 
Drainage -1.758 0.079 -0.257 0.797 
Shelter -0.775 0.438 -2.087 0.037 
Grazing -1.013 0.311 -0.048 0.961 
Mowing -0.908 0.364 -0.273 0.785 
No management -0.041 0.967 -1.209 0.227 
Total Management -1.060 0.289 -0.483 0.629 
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Table 5: Significant variables and unstandardised coefficients from discriminant 
function analysis (Sub-dataset 2001-2002) 
 
This table shows the canonical variables used to construct the discriminant function.   Each variable is 
selected in order of its discriminatory ability ('step in analysis').  The coefficients are the unstandardised 
canonical coefficients, grouped according to whether their effect is positive or negative. 
The results presented are those for DFA 4 in which variables present in fewer than 20% of patches were 
eliminated.  
a. P. icarus* 
i. All variables included (Detailed Sampling Assessment Index 1) 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Trifolium dubium 4.584 7 Galium mollugo -23.002 
2 Lotus corniculatus 1.908 8 Tripleurospermum inodorum -18.575 
3 Calluna vulgaris 11.159  (Constant) -3.600 
4 Trifolium pratense 3.488    
5 Carex otrubae 19.686    
6 Pimpinella saxifraga 17.439    
9 Aira praecox 14.428    
 
ii. Variables not significant in Mann Whitney U test eliminated (Detailed Sampling 
Assessment Index 2).    
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Trifolium dubium 2.886 3 (Constant) -2.020 
2 Lotus corniculatus 2.130    
3 Bare ground 2.002    
 
iii. Variables present in fewer than 10% of patches eliminated (Detailed Sampling 
Assessment Index 3).    
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Trifolium dubium 3.014 6 Trisetum flavescens -2.913 
2 Lotus corniculatus 1.858  (Constant) -2.396 
3 Calluna vulgaris 7.647    
4 Trifolium pratense 2.165    
5 Carex otrubae 15.687    
 
iv. Variables present in fewer than 20% of patches eliminated (Detailed Sampling 
Assessment Index 4).    
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Trifolium dubium 3.445 3 Dactylis glomerata -1.827 
2 Lotus corniculatus 2.514  (Constant) -1.166 
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b. C. pamphilus* 
i. All variables included (Detailed Sampling Assessment Index 1) 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Luzula campestre 43.151  (Constant) -0.880 
2 Festuca ovina 3.390    
3 Primula veris 28.000    
4 Cirsium spp 60.727    
 
ii. Variables not significant in Mann Whitney U test eliminated (Detailed 
Sampling Assessment Index 2).    
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Luzula campestre 43.105  (Constant) -0.794 
2 Festuca ovina 3.263    
3 Primula veris 27.855    
 
iii. Variables present in fewer than 10% and 20% of patches eliminated (Detailed 
Sampling Assessment Index 4). 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Festuca ovina 4.684  (Constant) -0.656 
 
c. E. tages  
i. All variables included (Detailed Sampling Assessment Index 1) 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Crepis vesicaria 1124.681 7 Primula spp -1043.778 
2 Ranunculus bulbosus 324.165 9 Bromus hordeaceus -44.133 
3 Galium aparine 63.786  (Constant) -24.585 
4 Lathyrus nissolia 10589.375   
5 Phragmites australis 1033.264  
6 Linaria purpurea 834.730  
11 Cirsium vulgare 2183.163  
12 Aira caryophyllea 562.341  
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ii. Variables not significant in Mann Whitney U test eliminated (Detailed Sampling 
Assessment Index 2).    
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Lathyrus nissolia 622.309  (Constant) -2.453 
2 Aira caryophyllea 46.486   
3 Crepis vesicaria 92.972  
4 Pimpinella saxifrage 63.970  
5 Cirsium vulgare 184.558  
6 Tragopogon pratensis 17.978  
7 Potentilla erecta 21.845  
8 Phragmites australis 266.660  
9 Leucanthemum vulgare 2.773  
 
iii. Variables present in fewer than 10% and 20% of patches eliminated (Detailed 
Sampling Assessment Index 4). 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Bare Ground 1.666 4 Poa trivialis -2.015 
2 Vicia spp 3.962 (Constant) -1.074 
3 Centaurium erythraea 8.242  
 
Table 6: Significant variables and unstandardised coefficients from Discriminant 
Function Analysis using data from 2001 to 2003  
a.  P. icarus* 
i. All variables included (Detailed Sampling Assessment Index 1) 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Trifolium dubium 3.110 5 Juncus articulatus -6.496 
2 Lotus corniculatus 2.673 6 Hieracium_spp -2.393 
3 Bare ground 2.154 7 Plantago major -3.269 
4 Potentilla reptans 4.689 9 Sorbus aucuparia -31.852 
 (Constant) -1.874 
 
ii. Variables not significant in Mann Whitney U test eliminated (Detailed Sampling 
Assessment Index 2).    
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Trifolium dubium 2.680  (Constant) -2.131 
2 Lotus corniculatus 2.321    
3 Bare ground 2.411    
4 Potentilla reptans 2.685    
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iii. Variables present in fewer than 10% of patches eliminated (Detailed Sampling 
Assessment  Index 3). 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Trifolium dubium 2.829 5 Prunella vulgaris -3.971 
2 Lotus corniculatus 2.402 6 Hieracium_spp -1.882 
3 Bare ground 2.475  (Constant) -2.396 
4 Potentilla reptans 2.884  
7 Melilotus officinalis 5.587  
 
iv. Variables present in fewer than 20% of patches eliminated (Detailed Sampling 
Assessment Index 4). 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Trifolium dubium 2.987 5 Hieracium_spp -2.202 
2 Lotus corniculatus 2.398 6 Plantago major -3.844 
3 Bare ground 1.799 7 Vegetation height -0.078 
4 Potentilla reptans 3.214  (Constant) -0.757 
 
b. C. pamphilus* 
i. All variables included (Detailed Sampling Assessment Index 1) 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Festuca ovina -2.450 3 Poa pratensis 5.700 
2 Festuca rubra -2.911 4 Centaurea nigra 2.257 
 5 Dactylis glomerata 1.777 
 (Constant) 0.710 
 
ii. Variables not significant in Mann Whitney U test eliminated (Detailed 
Sampling Assessment Index 2).    
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Festuca ovina 3.144 3 Dactylis glomerata -2.036 
2 Festuca rubra 2.619 (Constant) -1.169 
 
iii. Variables present in fewer than 10% and 20% of patches eliminated (Detailed 
Sampling Assessment Index 3 & 4). 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Festuca ovina -2.450 3 Poa pratensis 5.700 
2 Festuca rubra -2.911 4 Centaurea nigra 2.257 
 5 Dactylis glomerata 1.777 
 (Constant) 0.710 
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c. E. tages  
i. All variables included (Detailed Sampling Assessment Index 1) 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Leucanthemum vulgare 9.581 3 Prunella vulgaris -8.859 
2 Lathyrus nissolia 432.572 10 Galium mollugo -28.393 
5 Cirsium vulgare 84.241 12 Erodium cicutarium -190.102 
6 Cotoneaster 353.773 (Constant) -1.592 
7 Crepis vesicaria 44.516  
8 Aira caryophyllea 22.241  
11 Centaurea scabiosa 17.020  
13 Carex otrubae 21.382  
14 Sedum spp 123.380  
15 Phleum pratense 2.354  
 
ii. Variables not significant in Mann Whitney U test eliminated (Detailed 
Sampling Assessment Index 2).    
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
2 Lathyrus nissolia 126.751 (Constant) -1.167 
3 Crepis vesicaria 30.300  
4 Cotoneaster 248.739  
5 Cirsium vulgare 73.274  
6 Centaurea scabiosa 19.933  
7 Ranunculus bulbosus 18.489  
9 Sedum spp 213.484  
10 Pimpinella saxifrage 32.265  
13 Centaurium erythraea 6.336  
14 Phragmites australis 166.811  
 
iii. Variables present in fewer than 10% of patches eliminated (Detailed Sampling 
Assessment Index 3). 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Leucanthemum vulgare 4.155 3 Prunella vulgaris -8.034 
2 Centaurium erythraea 11.217 5 Tragopogon pratensis -4.495 
4 Vicia spp 2.729 (Constant) -1.069 
 
iv. Variables present in fewer than 20% of patches eliminated (Detailed Sampling 
Assessment Index 4). 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Leucanthemum vulgare 2.052 4 Trifolium repens -2.542 
2 Centaurium erythraea 9.589 5 Arrhenatherum elatius -1.706 
3 Vicia spp 3.524 (Constant) -0.078 
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d. C. rubi  
i. All variables included (Detailed Sampling Assessment Index 1) 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Leucanthemum vulgare 11.642 7 Ranunculus bulbosus -22.923 
2 Catapodia rigidum 978.977 9 Erodium cicutarium -361.637 
5 Eriophorum vaginatum 213.711 14 Cotoneaster -541.672 
6 Phragmites australis 387.517 18 Verbascum pulverulentum -54.613 
10 Bromus commutatus 544.963 20 Linum catharticum -15.345 
12 Ulex europaeus 14.249  (Constant) -1.859 
13 Taraxacum farfara 9.038    
15 Geranium robertianum 53.428    
16 Hordeum murimum 663.575    
19 Trifolium campestre 22.096    
22 Sedum spp 122.652    
 
ii. Variables not significant in Mann Whitney U test eliminated (Detailed 
Sampling Assessment Index 2).    
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Leucanthemum vulgare 2.346 11 Ranunculus spp -117.987 
2 Catapodia rigidum 609.687 (Constant) -1.078 
3 Trifolium arvense 63.672  
4 Eriophorum vaginatum 127.863  
5 Geranium robertianum 31.966  
6 Phragmites australis 245.070  
7 Hordeum murinum 312.618  
8 Ulex europaeus 13.849  
9 Sedum spp 142.754  
10 Anthyllis vulneraria 160.804  
 
iii. Variables present in fewer than 10% of patches eliminated (Detailed Sampling 
Assessment Index  3). 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Leucanthemum vulgare 5.013 2 Centaurea nigra -2.864 
3 Vulpia bromoides 14.675 (Constant) -0.277 
 
iv. Variables present in fewer than 20% of patches eliminated (Detailed Sampling 
Assessment Index 4). 
Step in 
Analysis 
Variable Positive 
Coefficients
Step in 
Analysis
Variable Negative 
Coefficients
1 Leucanthemum vulgare 5.317 2 Centaurea nigra -3.785 
2 Equisetum arvense 4.792 (Constant) -0.225 
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a.  P. icarus b.  C. pamphilus  
Figure 1: The distribution of Patch Attribute scores (Sub-dataset 2001-2002) 
This figure shows the distribution of patch attribute scores for the 61patches sampled.  The scores are also 
the predicted occupancy of each patch constructed from the attributes significant in Mann Whitney U 
tests (Chapter 3) and larval foodplants.  They are thus a measure of habitat quality.  The height of each 
bar shows the total number of patches for that score range with occupied and unoccupied patches shown 
in black and white respectively.  
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Figure 2:  The distribution of Visual Assessment Scores (2001-2002 - Sub-Dataset) 
The distribution of visual scores for the 61 patches sampled.  The height of each bar shows the total 
number of patches for that score range with occupied and unoccupied patches shown in black and white 
respectively
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Table 7: Comparison of Habitat Quality Indices using Binary Logistic Regression 
(Sub-dataset 2001-2002) 
A summary of the ability of each quality index to classify the differences between occupied and 
unoccupied patches.  From left to right the columns show the percentage of patches correctly classified, 
the coefficient and the standard error in the coefficient, the model Chi-squared statistic, the degrees of 
freedom and the P value. The Cox and Snell and Nagelkerke R-squared statistics give conservative and 
liberal estimates respectively, of the variance explained by the model.   
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df P 
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Detailed sampling 1 96.7 4.965 (2.475) 74.452 1 0.000 8.117 0.705 0.950
Detailed sampling 2 82.0 1.575 (0.385) 30.766 1 0.000 51.804 0.396 0.534
Detailed sampling 3 93.4 2.751 (0.747) 54.476 1 0.000 28.093 0.591 0.796
1 
Detailed sampling 4 80.3 0.730 (0.185) 25.531 1 0.000 57.038 0.342 0.461
2 Patch Attribute* 68.9 0.741 (0.222) 12.842 1 0.000 69.728 0.190 0.256P
. i
ca
ru
s 
3 Visual Assessment  82.0 2.418 (0.599) 33.280 1 0.000 49.287 0.421 0.567
Detailed sampling 1 86.9 1.662 (0.449) 31.286 1 0.000 40.903 0.401 0.578
Detailed sampling 2 85.2 1.544 (0.429) 26.338 1 0.000 45.850 0.351 0.505
Detailed sampling 3 80.3 0.837 (0.300) 9.573 1 0.002 62.615 0.145 
1 
Detailed sampling 4 80.3 0.837 (0.300) 9.573 1 0.002 62.615 0.145 0.209
2 Patch Attribute* 72.1 0.303 (0.168) 3.604 1 0.058 68.584 0.057 0.083C.
 p
am
ph
ilu
s 
3 Visual Assessment  83.6 2.090 (0.617) 18.579 1 0.000 53.610 0.263 0.378
Detailed sampling 1 88.5 2.043 (0.402) 43.474 1 0.000 0.000 0.510 1.000
Detailed sampling 2 100.0 2.963 (695.969) 43.474 1 0.000 0.000 0.510 1.000
Detailed sampling 3 96.7 4.460 (2.156) 36.043 1 0.000 7.431 0.446 0.875
1 
Detailed sampling 4 96.7 4.460 (2.156) 36.043 1 0.000 7.431 0.446 0.875
2 Patch Attribute Not carried out for this species E
. t
ag
es
 
3 Visual Assessment  Not carried out for this species 
0.209
 
 
xv 
